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i. GENERAL PREFACE

At the 1971 EUROVISC meeting in London the late Dietrich KUchemann suggested to the first author that

the data collection which he had started for his own research purposes would he generally useful if it

could be extended and made accessible in standardised form. Thus this project was launched under the

auspices of EUROVISC, and it has remained so through the assistance and advice of an informal advisory

group, consisting of L.C. Squire (Cambridge), J.L. Stollery (Cranfield) and K.G. Winter (RAE Bedford).

The data collection and handling have throughout been funded by the German Research Council (DFG) and

the Technical University Berlin. By 1973 the computational framework was established by H.J. KUster and

the actual work had been started. At the beginning of 1974 the team was joined by Miss C. Mohr, who has

since handled all the computational work, and by the second author, on leave from Imperial College.

During that year we were able to lay the foundations and complete most of the structure of the catalogue.

Our work was encouraged by the agreement of the Fluid Dynamics Panel of AGARD to support and arrange

publication, with Professor Fannel~p (Trondheim) as AGARD editor. Since that time we have been engaged,

principally, on the physical labour of handling all the data and the minutae of presentation, above all

in the inevitably unsuccessful pursuit of consistency. Had we been fully aware of the force of

Dr. Johnson's comment that "making dictionaries is dull work" it is doubtful that we would have had the

temerity to start. As It is, the final product is the result of the labour' of so many hands in addition

to our own that the attempt at proper acknowledgement below must needs be hopelessly incomplete.

We hope to follow this volume, which Is a compilation of fact, and as little coloured by opinion as we

could contrive, with a volume of commentary on the qeneral nature of compressible boundary layer data,

and some of the problems of interpretation which arise.
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Firstly we must thank all the authors whose experiments are presented in the entries, The compilation

describes their work, and ours is only the secondary occupation of ordering it. We have tested the
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suffered our first attempts, when we were learning our trade. In addition to all those who answered

our many questions, and who are mentioned in the entries, we thank J.C, Westkaemper, of the University
of Texas in Austin, for assistance In obtaining many DRL reports and then checking our experimental

accounts. We also thank K.G, Winter and the RAE for arranging a literature search on our behalf,

D.M. Bushnell, lately of NASA Langley, for helping us to obtain a quantity of apparently inaccessible

data. and P. Bradshaw of Imperial College for much helpful general advice and detailed criticism.
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could make real the sheer, quantity of tiresome detail work done by C.M. - let alone the physical effort

of continually moving around massive collections of computer printout. We must also thank T. Podtschaske

who performed the greater part of the interpolation work which continually proved necessary.
Mrs. H. Geib, who prepared the text, earns the special thanks of the second author for coping with

endless revisions In his notoriously illegible handwriting, and we thank Mrs. I. Gereke for making all

our drawings.

Amongst official bodies, our debt to the DFG and TUB for funding the research work is pre-eminent, while

for nearly a whole year out ot the last three the second author has been a grateful quest of the

Henmann-FUttinger-Institut in Berlin. The publication is funded by AGARD, and we would thank the
Fluid Dynamics Penel and its successive executives, J, Lawford and M. Fischer, for their help and

encouragement.

Finally we musat thank Cornelia and Sophie for their support and for not complaining too much at those

frequent periods during which they have been "Catalogue widows".
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iII. FOREWORD

The principal objective of this compilation is to provide ready access to a large body of boundary

layer data. The printed volume contains a great part of this, but it has not proved possible to

print the complete collection. However, all the data processed was reduced to a standard form

and stored on magnetic tape. The original complete processed data tabulation was transcribed

onto paper, and accompanies this volume as a microfiche. The precision of the data is an order,

or orders, higher than its accuracy and we cannot state too forcefully that there are very few

individual data presented here for which it would be possible to claim an accuracy of 1%. The

much higher level of precision in the tables, usually at five significant figures, occurs purely

as a result of our desire to standardise the presentation in a format which is convenient for

the computer, and to eliminate any possibility of editor-induced rounding errors.

Ready access implies that the user should not have to undertake any substantial reprocessing of

data, and especially should not be compelled to transcribe the information back Into computer-

digestible form. To this end, arrangements have been made with the following organizations in

NATO countries to hold master copies of the data tape. These organizations will prepare copies

on request; enquiries as to terms should be directed to the organization concerned. The tape will

probably be an exact transcription of the data in the microfiche tabulition accompanying this

publication, but may be modified slightly to make it easier for users to enter the information

into their own programnme.

FRANCE

O.N.E.R.A. (Direction)
29 Avenue de la Division Leclerc
92 Chatillon sous Bagneux

GERMANY

ZLDI DFVLR
Postfach 860880 AVA
D-8 Mbnchen 86 3400 Gattingen

Bunsenstrasse 10

NETHERLANDS

Netherlands Delegation to AGARD
National Aerospace Laboratory, NLR
P.O. Box 126
Del ft

UNITED KINGDOM

Defence Research Information Centre
Station Square House
St Mary Cray
Orplngton, Kent BR5 3RE

UNITED STATES

COSMIC (Computer Software Management and Information Centre,
University of Georgia)

Suite 112
Barrow Hal l
Athens
Georgia 30602

TAPE: GENERAL SPECIFICATION

Seven-track, half inch tape, recorded at 800 BPI
Coded: BCD, even parity
Block length - 1280 characters maximum
Overall length 720 m
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iv. LIST OF ABBREVIATIONS

APG - adverse pressure gradient
AW - adiabatic wall

CC - constant current

CCP - cone cylinder static pressure probe

CPP - circular Pitot probe

CT - constant temperature

0 - D-state is the nominal boundary layer edge state
E estimated by editors

ECP - equilibrium cone probe
FEB - floating element balance
FPG favourable pressure gradient

FPP flattened Pitot probe

FWP fine wire probe

H height of the test section
HT heat transfer

HWP hot wire probe

MHT - moderate heat transfer

NA - not available

NC - not computed
NM - not measured
NPG - normal pressure gradient

NX - number of X-stations

PC - private communication

RUN full 8-digit identification of the profile
RW - reflected wave

SH - severe heat transfer

SPP - static pressure probe

STP static temperature probe

SW - simple wave

TPP - total pressure probe
TTP total temperature probe

VPG - variable pressure gradient

W - width of the test wall

ZPG - zero pressure gradient

PROBE DIMENSIONS

d outside diameter

d2 inside diameter
h - overall height of face

h2 height of opening

bI overall width

b2 width of opening
I length of slender portion

cone semi-angle
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v. LIST OF SYMBOLS

Symbol

Computer Conventional Meaning Definition

- a velocity of sound (yRT) 1/2

U2
CF Cf skin friction coefficient 2 TW/PsUs

CQ Cq heat transfer coefficient 4/(p 6 U6 Cp Tod)

C p specific heat at constant pressure

D 6 boundary layer thickness or
boundary layer edge-point selected

DI 61 displacement thickness eqn. (3.7.1)

D2 62 momentum defect thickness eqn. (3.7.2)

D3 63 kinetic energy defect thickness eqn. (3.7.3)

D4 64 total enthalpy defect thickness eqn. (3.7.4)

DIK 
6 1K displacement thickness (P/pa - 1)

02K 
6 2K momentum defect thicknes. (P/P, - 1)

03K 83K kinetic energy defect thickness
(p/P6  1)

DIP 
6 lp eqn. (3.7.6)

02P 62p eqn. (3.7.7)

D3P 63p eqn. (3,7.8)

D4P 64p eqn. (3.7.9)

D STAR 6* "true" displacement-thickness eqn. (3.7.5)

y ratio of specific heats Cp /cv

H12 H12  shape factor 61/62

H32 H3 2  shape factor 63/62

H42 H42  shape factor 64/62

H12K H12K shape factor SIK/ 6 2K

H32K H32K shape factor 6 3K/ 6 2K

I - Y-station identity

KAP K, y ratio of specific heats Cp/c

A heat conduction coefficient

M M Mach number u/a

MO M6  Mach number at 6 ud/86

M/t40 Mach number ratio M/MI

MUE dynamic viscosity eqns. (5.1), (5.2)

JUED Ud dynamic viscosity at 8

MUEW Vw dynamic viscosity at w

P p static pressure

PD P6 static pressure at 6

P/PD - static pressure ratio P/P 6

P12 7T2  pressure gradient parameter (a dp/dx)/'w

PO PC stagnation pressure
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Symbol

Computer Conventional Meaning Definition

POD P06 stagnation pressure at 6

PT2 Pt2 pi tot pressure

PW Pw static pressure at w

PWD pw/p6 - Pw/P6

R r recovery factor

RE - Reynolds number/m p6 U6 /16

RED2D Re0  Reynolds number based on 62 p662/1

RED2W Re 2  Reynolds number based on 62 p6U662/Vw

RGAS R gas constant

RO P density

ROD P6  density at 6

ROW Pw density at w

RO/ROD ratio of densities P/P 6

RZ Rz transverse radius of curvature

SW number indicating the relative eqn. (5.5)
importance of longitudinal
curvature in a pressure gradient

T T temperature

TD T temperature at 6

T/TD temperature ratio T/T6

TO To stagnation temperature

TOD T06 stagnation temperature at 6

TR 
Tr recovery temperature eqn. (5.3)

TRD 
Tr'T6 recovery temperature ratio

TW Tw temperature at w

TWO Tw/T6 wall temperature ratio

TWR Tw/Tr wall-recovery temperature ratio

U u velocity component in x-direction

UD u6  velocity component in x-direction at 6

U/UD - velocity ratio u/u 6

X x streamwise or axial coordinate

y y coordinate normal to wall
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vi. GUIDANCE FOR USERS OF THE CATALOGUE

This volume and the associated microfiche collection provide descriptions of, and the data obtained
from, 59 experimental studies of two-dimensional compressible turbulent boundary layers.

Each study is described at the start of the appropriate numbered ENTRY, to be found in § 8 below.
The boundary conditions and evaluated data for all the profiles processed are also given, as section B
of the entry. Each entry also contains, as section C, a selection of the profile data. The entire
collection of data, boundary conditions, evaluated data and complete, detailed, profile data are
provided in the microfiche version of the compilation which accompanies this printed volume. The
microfiche does not, however, include the additional data which are printed where appropriate as

section D of each entry.

The data collected and printed on the microfiche are also recorded in approximately the same form on
a magnetic tape, copies of which can be obtained by following the procedure indicated in the Foreword
(iii). The way in which an ENTRY is constructed is outlined in § 3, and we recommend, strongly,
that readers should not attempt to use the compilation without assessing our own approach as we have
there stated it. In particular, subsection § 15 of each entry constitutes our comment on the experiment
in question, and is inevitably coloured by our own obsessions. We would therefore recommend that the
editors' comments should always be interpreted in conjunction with the associated comment of § 4.

The computational framework is described in § 5, but we feel that, initially, this aspect should not
particularly concern the user as the potential for heresy in numerical operations is small. Where.
however, numerical procedures are likely to cause crucial differences - as for example in the
evaluation of integral quantities, critical readers should ensure that any comparison they make is
based on a foundation which is either the same as that which we have used, or which can easily be
compared to ours, and so should study our assumptions (§§ 5.2, 5.5, 5.6, 3.6, 3.7).

Finally, and perhaps most important: the reader will wish to know how to find the entry most appropriate
to his needs. To this end we have constructed the classified lists of § 7. The principal classification
of § 7.1 is based on the considerations outlined in § 6, but our approach should be assessed in
connection with the less quantifiable factors discussed in § 2, and especially in § 2.3.

R.QUEST FOR FURTHER DATA

The editors hope to be able to issue a supplement to the data presented in this volume, and so would
be grateful for an account of any suitable experiment which Is not included. The greatest need is for
funictionally complete measurements in buundary layers on longitudinally curved surfaces, but high quality

[ data of any kind would be appreciated. Cases including information on the turbulence structure are
very rare, and it is possible that some information may now be available from "non-intrusive" techniques.

Authors may gain an impression of the information we would require from the present volume. We would

especially appreciate the supply of data in some computer digestible form.

ix



vii PROFILE DATA ON MICROFICHE

Fixed to thp inside back cover of this volume are three pockets containing 28 microfiche. These

provide a comp1pLe listing of the profile data as processed by the computer when preparing the

catalogue. They consist of continuous strip photographs of the raw output, before cutting and selection

for the printed form of the catalogue. The method of production requires the tables to run 'across'

the microfiche when viewed in the normal sense, and in consequence a non-standard square. format has been

adopted. This allows the microfiche to be placed in the carrier of the older and cheaper forms of

viewer with the columns In the right orientation for the reader.

A typical microfiche is headed

AG 223 No. 4 of 28 Profile 60010301-64010803

thus indicating that this is the fourth microfiche, and that it contains all profiles from 60010301

to 64010803. The distribution of profile data Is given below:

Microfiche Profiles Microfiche Profiles

1: 53010101-58020101 15: 70070111-71010401

2: 58020102-58050401 16: 71010501-71030404

3: 58050402-60010207 17: 71030405-72020104

4: 60010301-64010803 18: 72020105-72021005

5: 64010804-65020202 19: 72021101-72060705

6: 65020203-65030803 20: 72070101-73010901

7: 65030804-65051101 21: 73010902-73030304

8: 65051102-67010104 22: 73030305-73040702

9: 67010105-68010803 23: 73040703-73050203

10: 68010901-69020311 24: 73050204-74010307

11: 69020312-70020304 25: 74010308-74021302

12: 70020401-70031202 26: 74021303- 76010203

13: 700401n1-70040503 27: 76010204-76010409

14: 70040504-70070110 28: Section 8 - 'Reference flow values'

All computed data - sections 8 and C - are included. The 'additional data' of section D is

given only In printed form, with the entries.

X



1. INTRODUCTION

1.1 Aims and objectives

Anyone undertaking to prepare a catalogue oF boundary layer data must start by paying homage to
Coles & Hirst (196B), who prepared the first such compilation. The Stanford Catalogue stemmed from the
need to provide sets of boundary layer data which could serve as a basis of comparison for a wide

variety of calculation methods. The present data collection can be considered as an extension of the
Stanford Catalogue to Mach numbers beyond one, and to flows with heat transfer at the wall. The experi-
mental data are presented as consistently as possible and in a form which has been chosen to suit both

the user who wishes to plot or recalculate the data and for entry into a computer if theory and experiment
are to be compared. The purpose of the present catalogue is to facilitate the interpretation of

experimental data rather than to suggest or to support a particular theoretical analysis of compressible
turbulent boundary layers. To that end we have attempted to confine our rAle as editors strictly to
describing the general conditions of the experimental arrangement, the initial- and boundary-conditions

of the experiment and the experimental data as given by the experimenters themselves. Information and

opinion have been separated from each other as distinctly as possible, opinion, we hope, being confined
to the introductory chapters and the "editors' comments" at the end of our description of each experiment.

One of our more obvious objectives has been to ensure, so far as it lay in our power, that any data

processed by us should be available in a readily re-usable form. It is a sobering thought that every

experiment forming the subject of an entry has already been published in some form, usually with
numerical information. Nevertheless, with a few exceptions, we have had to arrange for the data to
be transcribed once more to punched cards, so that it might be processed. For any modern experiment,

this work is essentially unnecessary, since it would have been a simple matter for the originating

institutions to have kept the information in some computer-digestible form. We have probably invested
one or more person-years in routine number punching, and hope that the existence of the magnetic data
tape which forms part of this enterprise will make any repetition of such drudgery needless.

The data compilation contains about 1400 profiles, and the ready availability of so large a data-bank

in standard form contains its own dangers. We feel that we must issue a warning against any possible

tendency amongst research workers to use only the data we have provided - because it is there and does
not require further transcription. Disregarding any more subtle criteria which might be applied in
selecting experiments for inclusion, there was no possibility of our preparing an entry unless we had
access to the data in reasonably precise form. Data could be inaccessible for many reasons. The

experiment could be so old that no full record remained, or so new that the clearance procedures
required by authority could not be completed in time. Detailed experimental records often seem to be

discarded with alarming rapidity and in some particularly regrettable cases the data were lost or

scrapped before official permission to use it could be obtained. The experiments, however, remain valid,
and for many purposes numerical values may be obtained with sufficient accuracy from graphical

presentations in the published accounts. In the proposed commentary volume, associated with this data

compilation, we hope to include a classified list of the experiments known to us, indicating the
extent of the available information for each one.

A further simple objective is an indication of the experimental range covered. Only too often an

investigation is performed largely because it is possible with the available experimental facility.
A glance at figuies 6.1 and 6.2 will show that the coverage of adiabatic zero-pressure gradient flows

at moderate Mach and Reynolds numbers is almost excessive. There is no object in making more mean

flow measurements in this range unless perhaps for the calibration of a new type of instrument. On
the other hand, fluctuation measurements are so rare that almost any study of turbulence structure
has great potential value. For more complex mean flows the coverage is much less complete. Section II
of the classified list § 7.1 shows that experimental descriptions of curved-wall flows are particularly

needed. (We have made provision in the list, as nil entries, for some types of flow for which we
knew of the existence of appropriate experiments but did not have the necessary data.)



We hope that a thorough indication of the ranqe already covered will help prevent expenditure on
unnecessar: repeat experiments.

A final scientific application of the data bank is the provision of test cases for theoreticians

developing calculation methods. It Is perhaps too early to consider the possibility of a Stanford-type

tournament for compressible boundary layers, but we do feel that amongst the 59 experiments described
here there is enough variety In the basic flows to allow theoretical workers to extract any mean-flow

based ical constants they require. There are also several interesting test casesl

1.2 General principles guiding the form and content of the compilation

Since the fundamental purpose of the compilation is to transmit datawe consulted many potential users,
and especially the members of the EUROVISC advisory group. The results of these discussion may be

summarised as:

(a) The value of sucA a collection increases much more rapidly than its size.
as extra entries are included.

(b) Every effort should be made to make a complete presentation of the data
for each entry.

(c) It should be possible for a user to obtain complete tabular data without
recourse to a computer.

(d) Preparation of the data in computer-digestible form would greatly increase
the value of the collection.

Considerations (a) and (b) are clearly the principal factors affecting the overall size of the cataloque,

without taking any account of the actual method of presentation to be used. In further discussion we
have found it convenient to attach specific meanings to certain words, indicating the hierarchy of

information. Thus below:

A REFERENCE is any paper consulted in connection with the project.

A SOURCE is the principal reference specifically describing an experiment
In which compressible boundary layer data were obtained.

AN ENTRY is the text we have prepared from a source selerted for inclusion
in the data compilation. We refer to entries as CAT 7201 etc. where 7201
Is the entry serial number in the compilation of § 8.

There are 59 entries selected from about 300 sources. Some indication of the principles guiding selection

is given in § 2 below, so that (a) will not be discussed further here.

We have accepted point (b) almost without qualification, and often therefore pestered the authors of
potential entries for much subsidiary information which did not appear in the source papers. There are
however some sources which contain so many data that there was no possibility of our including them all

(e. g. CAT 6503). Where we have rejected data, we have tried to ensure that we retained a fully

representative selection, or that there were real grounds for believing that the data rejected were in

some respect of inferior quality.

The remaining points concern matters of presentation. There is little difficulty in dealing with the

publication of the boundary and Initial conditions of an experiment, and these are given as "Section B"
in the entries forming § 8 below (see also § 3). There are formidable problems, however, in making

available the profile data, t. a. velocity-, temperature-, static pressure and fluctuating quantity
profiles. For the 59 entries alone.these profiles number about 1400 In all and to print these in full in
legible form would require 600 AGARO pages. We therefore had to look for a cheaper and more effective

form of publication and the profiles hove been made available In the following forms:

1. A magnetic tape of tk, complete data. Copies of this will be deposited at
suitable centres in Europe and America and users will be able to obtain
copies of all or part of the data from these on supplying their own blank
tapes. (A fee may be charged - see the Foreword)

2. A microfiche copy has been made of the complete profile tables in a format similar
to that used for the master tape. This has been Issued with the printed collection.



3. A selection of the profiles edited from the complete tabular print-out of form 2
is presented in the printed collection as section C of each entry.

We feel that this will answer the needs of users whilst reducing the size of the printed collection to
manageable proportions. The magnetic tap (form 1) allows a user to enter the data directly in his own
computei- progranmme, or should he so desire, to prepare his own full-size print-out of all the data, or any
section in which he has an interest, The microfiche (form 2) allows a user to read the tabular print-out
directly, or to obtain full-size tables of any data in which he has an interest through normal library

channels.

The printed selection of form 3 is intended to satisfy the needs of a user who wishes to obtain a general
view of the mature of profile data in the type of flow in question and in the relevant experimental range.
If he wishes to obtain more detailed information, the complete tabulation of boundary conditions in
section B of the entry will allow him to choose the data he wishes to call up from forms I or 2. He may
assess the likely reliability of the data from the method by which they were obtained (entry-section A)

and the internal evidence of scatter and consistency shown by plotting out some of the printed sample
profiles of section C (form 3).
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2. EVALUATION OF DATA

2.1 Experiments considered

With very few exceptions the experiments considered for inclusion had been published previously. Since

it was from the open literature that we obtained all our general information, publication was almost a

necessary condition, though in a few cases an enquiry about a published source paper led us to unpublished

information or material being prepared for publication. In many cases the amount of information finally

made available by our correspondents greatly exceeded that in the original source.

The total number of reported compressible boundary layer experiments is very large. We have here

restricted ourselves to the study of nominally two-dimensional turbulent boundary layers (some of

them transitional) formed on rigid Impermeable walls, and have excluded cases in which it would be

necessary to take account of chemical reactions or ionization. In fact we have assumed throughout that

the test gas was a perfect gas, with constant specilic heats, although in a few cases the temperature

range is such that the relationship between reservoir conditions and test station conditions is

detectably falsified as a result of vibrational excitation. Boundary layers with suction or injection

through the wall were excluded, as the data known to us are relatively well documented. The data have

been collected by another group and could, in principle, be edited without too great an effort, if need

be. Although a number of correspondents have urged us to include these more complex flows, and also

shock/boundary layer interactions or three dimensional flows, we have firmly resisted these suggestions,

knowing the limits of the financial means available and not wishing to impose too great a load on our

patience and perseverance, let alone that of our co-workers. In some cases regretfully, we have excluded

any experiment for which we did not have access to tabulated data. In part as a consequence of the
limited assistance available to us, but principally because of the lack of precision Inherent in the

procedure, we have not generally incorporated information scaled from graphs published in the source
papers, In a few cases, auxiliary information has been so ohtained, and for several entries we found it

necessary to prepare our own graphs for Interpolation. When this has been done, It is remarked in the

text of the entry.

2.2 Principles of selection

In attempting to evaluate an experimental account, we looked to see how far the following conditions

were satisfied:

I) The data should be given in uncorrected form. If corrections were applied by the author,
the magnitude and method of correction should be stated, so that the data could be recalcu-

lated In their original form if need be.

ii) A certain minimum of information about the experimental arrangements, test conditions

and boundary conditions should be available.

iii) The information about the boundary layer at a test station should be functionally complete.

iv) There should be a sequence of profiles, for successive streamwtse measurement stations.

v) The upstream history of the layer should be known.

These are obvious statements of an ideal, and equally obviously there are very few experiments reported
which begin to satisfy them all. If therefore we were to insist on a "full set" of measurements, there

would be remarkably few entries in the catalogue. We now study the implications of each condition.

In dealing with I) there is an obvious difficulty in distinguishing between "calibration" and "correction".

Whenever readings are altered to take account of phenomena not considered in the fundamental calibration

procedure, as for instance wall proximity or shear corrections for a Pitot tube, it is clear that we are

dealing with a correction. If however the Pitot tube is used in a very severe environment, as in the

low density regions near the wall of CAT 7105, it Is a mot point whether the adjustment made to the

pressure recorded is a correction or a calibration. A possible criterion is to recognise adjustments as

a calibration when made as the result of a subsidiary experiment covering the same range of relevant

dimensionless groups as for the main tests, whether the calibration were performed by the saw authors

or no. On this basis we may suggest generally that adjustments to Pitot readings for wall proximity,



shear and perhaps low density art "corrections", that total temperature probes are usually "calibrated"

and otherwise uncorrected, but that static pressure probes are usually used with "corrections" - for

viscous interaction, low density and thermal effects - which in hypersonic flows are often more than a

little speculative. If only because of the "grey area" of indecision, we have usually found that 1)

therefore did not as a general rule particularly affect our decision as to inclusion In the catalogue,

though we may have expressed reservations in the accounts of particular entries.

Condition ii) has also not proved, generally, to be crucial. We have often had difficulty in dealing

with source papers, but have usually received assistance from the authors which has made reasonably

clear, for us, the nature and extent of their experiments. In one or two cases we could not decide

what the author had done, but did not request that he re-write his report as we thought that, on the

evidence of the first version, we were unlikely to receive much enlightenment from a revision. Such

an experiment was obviously automatically excluded.

For the measurements at a station to be functionally complete, as required by iII), we would need a

complete mean flow profile description, wall shear stress and heat flux values, profiles of fluctuation

quantities, and a substantial amount of detail describing the free stream flow and the test station

geometry. Thus for the mean flow profile description it must be possible to obtain or infer at least

three independent property profiles, of which one, or a group, must specify the dynamic state. The

usual experimental grouping obtained from measurements is the set (pt2, p, TO) but other groups are

possible if density is measured optically or by electron beam, or if velocity is determined, directly

by Laser-doppler-velocimeter or indirectly with a hot wire. Whatever the original grouping, there are
many possible sets which may be presented in the tables available to us. Wall shear stress and heat

flux values should be measured by instruments on or in the wall (floating element balances, Preston

tubes, heat flux meters, steady or unsteady conduction techniques) rather than inferred from the

profile measurements. It is possible in simple flow cases to make satisfactory determinations from the

profiles, but in the more difficult flows, it usually becomes necessary to differentiate profile data,

and it is nut usually possible to do so with any precision, Without considering the need for fluctuation

measurements, it can be seen already that under III), alone, the requirements so far are so severe as

to eliminate all except about 8 of our entries. If we Insist on substantial fluctuation measurements

we are left vjith one.

We have in general given preference to measurements satisfying condition iv), but it proved necessary

to include a large number of single-station measurements in order to cover a wide enough range of Mach

number, Reynolds number and heat transfer parameter. Some single station tests are also included as

comparison cases for other experiments.

Finally we were forced to recognise firstly that many unexplained effects in the experimental region

were the consequence of the varied natures of the regions in which the test layer was formed, and

secondly that it is rare for the upstream history - as a minimum, wall pressure and temperature - to

be recorded. Thus condition v) is not ustally observed. The obvious exceptions are the "flat plate

type" flows (Category IA in the classified list of § 7.1) which in a sense have no history,

We hope that the discussion above will show that we have thought carefully about the information which

is desirable - but have tc recognise that we have demonstrated that it is virtually impossible for

an experimental worker to satisfy our list of requirements. There Is one case, CAT 7205, which does in

practice fulfil our specification - but inevitably, as a consequence of the very close detail required

of the study, the Investigation covers a restricted range.

Our final selection has been guided by a desire to fulfil the conditions listed above. The number of

experiments which on a crude marking scheme score 80 % oi more Is exceedingly small, so that we have

drawn a majority of the entries from less "satisfactory" experiments. (We cannot overemphasise that this

implies no Judgement of the quality of the experiment - te refer simply to the extent to which the

criteria of coverage (I) to (v), above are satisfied). We must confess that in the final result, we

could not go through the list of entries and defend every one on an absolute basis.
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We started by being very selective, only to find that our coverage of Mach and Reynolds number etc. was

certainly inadequate if we were to show the extent of the generally successful experimental work. We were
encouraged to make the scope of the catalogue as large as possible (see § 1.2 above), and partly in
consequence the standards applied for entries which came late to our notice were probably less severe

than those applied initially. We have also tended to give slight preference to source-papers which we

believed to be difficult to obtain, or to describe experiments which were, quantitatively, unpublished.

Our only certainty is that there will be just as many critics who say "why isn't X in" as there are those

who say "why on earth did you include Y".

2.3 Scope of the catalogue

The general restrictions which we have observed are listed in § 2.1. Other restrictions are that this

volume, with one exception, considers only experiments for which profile tabulations were available.
A further limitatitn is that we have, in general, made no attempt either to "correct" the data, or to

"uncorrect" it. We had hoped to be able to do the latter, but it proved impractical. By "correction"

here we mean the adjustment of data to account for various secondary effects as discussed in connection
with condition I) of § 2,2 above. We have on several occasions incorporated gross or minor textual
corrections observed either by ourselves, or, after correspondence, by the authors.

The coverage in terms of the easily quantifiable variables such as Mach number, Reynolds numbee and
heat transfer parameter (Tw/TR) is effectively summarised in the tables of § 7 and for zero-pressure-

gradient flows, in figures 6.1-3. We consider here the extent to which less quantifiable factors are
covered, and concentrate firstly on the "history effects". A convenient division here is between cases

In which there is "no" history In the sense that the boundary layer is formed under zero-pressure-
gradient and constant wall temperature conditions, though it is still necessary to be aware of possible

disturbances introduced by tripping devices, and cases In which there is a varied pressure and/or
temperatlire history which has imprinted certain characteristics on the test layer. For a few experiments

this history is either reasonably fully described or varied in a controlled manner.

The importance of the first group lies in the fact that, for the zero-pressure-gradient cases, the

influence of Mach number, Reynolds number and heat transfer parameter can in some measure be studied
in a "pure" form. If it is thought that these Influences are reasonably well described, It is then
possible to consider the effects of change of pressure gradient or wall temperature ratio in the test
zone, in isolation in so far as the input layer Is fully described and related to the full corpus of

appropriate experimental data for zero pressure gradient layers.

Experiments of this type are listed In table 2,1. We have not limited this list to experiments described
in the catalogue, as the really complex cases are so few that we feel that the free availability of numeri-

cal data is almost a secondary consideration.

Table 2.1 PRINCIPAL EXPERIMENTS WITH ZERO-PRESSURE-GRADIENT, CONSTANT TEMPERATURE UPSTREAM HISTORY

(A SELECTION)

1. Zero pressure gradient in test zone

Source MS R THETA X 10- TLTR

Colas (CAT 5301) 2-4.5 2-10 1.0
Young (CAT 6506) (unifom roughness) 5 5-13 0.6-1.0

Hastings & Sawyer (CAT 7006) 4 2-25 1.0
Peake at &l. (CAT 7102) 4 10-60 1.0

Lewis at al. (CAT 7201) 4 4-13 1.0
Horetmn & ODwn (CAT 7205) 7.2 6-13 0.5

Watson at &l. (CAT 7306) 10 1-12 1.0
Hahby at &l. (CAT 7402) 2.6-4.5 5-30 1.0
Gran at &l. (1974) (Tamp. discontinuity) 4 ? 0.5
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Source MD R THETA X 10-3 TW/TR

2. Favourable pressure gradient in test zone

NONE

3. Adverse pressure gradient in test zone

Peake et al. (CAT 7102) 4 to 2 10-60 1.0
Lewis et al. (CAT 7201) 4 to 2.4 10 1.0
Gran et 3l. (1974) 4 to 2.4 ? 0.5

Experiments of the second group, for which the history is in part or fully described. often constitute
succeeding portions of the first. There are however a number of cases in which a boundary layer was
developed on a tunnel wall under, at least partially, described conditions before reaching the test
zone of Interest (see CAT 7101 as an example of a case in which an unknown history leads to an
experimentally described zero pressure gradient region before entering the adverse pressure gradient
region which is the point of the experiment).

Table 2.2 PRINCIPAL EXPERIMENTS WITH DESCRIBED UPSTREAM HISTORY

1. Zero pressure gradient in the test zone

Source RD R THETA X 10- 3

Gates (CAT 7301 - temperature history) 4 & 5 8 - 31 0.9 - 1.0
Feller (1973 - temperature history) 6 35 - 60 0.7 - 0.8

* Hastings & Sawyer (CAT 7006 transition) 4 2 - 25 1.0
Fischer & Haddalon (CAT 7103 - transition) 6.5 0.5 - 6 1.0
Voisinet & Lee (CAT 7202 - transition, 6 7 - 58 0.25 - 1.0

temperature history)
Watson at al. (CAT 7305 - transition) 10 1 - 13 1.0
Moore (CAT 5805 - Step). 2 - 4 6 - 14 1.0

Clutter & Kaups (CAT 6401 - blunt 2 - 4 10 - 40 1.0
increase)

Peak. et al. (CAT 7102 - ring) 4 12 - 30 1.0

Stone & Cary (CAT 7209 - trip) 8 6 - 10 0.0

2. Favourable pressure gradient in the test zone

Boldman t% al. (CAT 6901) 0 to 4.1 3 - 12 0.6 - 0.9
Lewis St a- (CAT 7201) 2.4 to 3.7 10 1.0
Back at al. (CAT 7207) 0 to 3.6 10 0.5, 1.1
Voisinet i Lee (CAT 7304) 3.8 to 4.6 6 - 60 0.25 - 1.0

3. Adverse pressure gradient in test zone

Stroud & Miller (CAT 6503) 5 - 8 2 - 50 0.4 - 1.0

Zwarts (CAT 7007) 4 to 3 35 - 70 1.0
Sturek i Danberg (CAT 7101) 3.5 to 2.8 20 - 40 1.0
Peaks at &I. (CAT 7102) 4 to 2 10 - 60 1.0

Lewis at al. (CAT 7201) 4 to 2.4 10 1.0
Zakkay & Wang (CAT 7208) 6 to 4.6 100 0.7

Of the experiments listed in table 2.2, those performed by Boldman at al. (CAT 6901), Feller (1973),
Gates (CAT 7301) and Sturek (1973 - included in CAT 7101) were specifically performed in part to
Investigate, end hopefully q'iantify. the effect of changes in the upstream wall-temperature history.
All those experiments which study the "relaxation" of a constant pressure layer after a disturbance -
whether a pressure gradient region, a heated or cooled wall region, or a brutal disturbance such as

a step - are potentially useful "varied history" cases if measirements on an undisturbed layer with the



same free stream conditions are provided for comparison. Examples are Moore (Step - CAT 5805) Peak et al.

(Ring - CAT 7102) Stone & Cary (trips - CAT 7209) and Gran et al. (1974). Some of the "described history"

experiments concludewith a constant pressure relaxation region, but do not provide comparison data -

e. g. Clutter & Kaups (after a blunt increase in section - CAT 6401) Zwarts (CAT 7007) and Peake et al.

(CAT 7102)- both after, an adverse pressure gradient region,

The final factor not covered by the lists of § 7 is the existeice of fluctuation measurements. Hot-wire

measurements are reported by Kistler (CAT 5803), Horstman & Owen (CAT 7205) and Laderman & Demetriades

(CAT 7403). In each of these cases, the fluctuation measurements were perhaps the principal objective

of the experiment. Further measurements using wedges with a hot wire leading edge, and in the same

facility as CAT 7205 are reported by Mikulla & Horstman (1975), who provide a first attempt at
determining the shear stress. A valuable comparison between fluctuations in zero-pressure-gradient flow

and a simple-wave compression region is provided by Sturek & Danberg in CAT 7101, and very limited

observations in ZPG and reflected-wave APG conditions are provided by Waltrup & Schetz (CAT 7104). In

some other cases (e.g. CAT 7001/7206) hot wire measurements were made but the problems of interpretation
in the hypersonic region are extre.ly severe, and the authors, understandably, have only reported

the results in very general terms.

Approximately over the same period that the catalogue was being prepared, the "non-intrusive" fluctuation

measuring instruments such as laser-doppler velocimeters and electron beams have begun to give success-
ful results in supersonic flows, We have not yet obtained tabular information for any of these experiments

but hope that both mean flow and fluctuation data obtained using these new measuring techniques may be
described in a later supplement to this catalogue.



3. STRUCTURE AND CONTENT OF A CATALOGUE ENTRY

3.1 Large scale structure

An entry is composed of three or sometimes four principal sections. These are:

SECTION A. Description of the experiment and outline of data reduction procedures. This is

concluded by the final subsection "Editors' comments" which is enlarged upon in

§ 4 below.

SECTION B. Tables of profile boundary conditions and evaluated data. We list here the

controlling parameters, and such calculated quantities as integral thicknesses,

for ill the profiles we have processed.

SECTION C. Tables of profile data. In the printed form of the catalogue, we present detailed
tables for selected profiles. The total number is such that it is not practical

to print the profiles in full. A full tabulation is however given in the attached

microfiche, and the complete data are also available on magnetic tape (see the

Foreword).

SECTION 0. Tables of additional data which for one reason or another do not fit into the
computer processing scheme. These are. in general, printed at the end of the entry,

but will sometimes appear at the end of section A, for space-saving reasons.

3.2 List of marginal indexing marks for Section A

We have attempted to standardise our descriptions, so that in general the sequence of points discussed
is zommon to all entries. Inevitably we have found it impossible to be completely consistent in this,

but the intention Is to present the features of the experiment in the order, below. The subsections may,
however, appear in any order, or the topic in question may crop up in several places. Accordingly, we
have arranged that index marks should he printed in the left hand margin opposite that section of the
text concerned with the headings as listed. We suggest that the reader should use a photocopy of the
list as a key when reading the entries. The normal sequence is:

1. Description of test section

2. Flow quality

3. Observations of transition and tripping devices (trips)

4. Upstream history of the test boundary layer

6. Measures taken to test for, or ensure, two-dimensional flow
6. Measurements at the test-surface (wall measurements)

7. Probes used for boundary-layer traverses

8. Relative positions of measurement stations

9. Authors' interpolation procedures and assumptions

10. Corrections to the profile data

11. Viscosity law assumed by the authors
12. Editors' assumptions and interpolation procedures. Selection of data.
13. Profiles presented

14. Wall data presented

1 Data summery

1;. Editors' comments.

The subheadings are discussed individually In § 3.4 below, where they are indicated by their index marks

In the same way as in the entries.
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3.3 Reco ntion panel

Section A, the description. is headed by a standardised "recognition panel" laid out in semi-tabular form.

An example is given here:

(d)
7?01-A-1

(c) ,, ,rthen rising to 3,. (serie, 01), 7201 (a)
(c) 1 4, ZPG (Series 02).ný- THETA X 10-3 :, -P -4 AK. - FPO

T 4-14. CZPG) (b)

Continuous tunnel with syumtrical flexible nozzle, W • H - I .. L - S 0.
PO z 496 (! 3,5) K 0/ 2. T0: 318 1( 1) K. Air: Dow point 239.247 K. RE/u X 10"

6 
t 2O at H.- 4. (e)

LEWIS .1.. .GOAN R.L. Had KUSOTA T,. 197t. An experimet on the adiabatic compressi ble turbulent (f)
bound•ry lay@r In idvarse and favourable pressum! gradients. J. Fluid lOch. 61, 667-672.

And Gran RL.., prite ccmmunicationt.,

Panel (a) in the top right hand corner contains the entry identification. Each individual profile is

specified by an B-digit nu-,w' uch as 72 01 01 02.
This is composed as follow..

72 01 01 02
Year of Serial no. Serial no. Serial no.
publication within year of sequence of profile

An entry I1- spocified by the first four digits alotea as In this case

"72 01" The first source processed which was published In 1972.

The third pair of digits specify the sequence of profiles In question, which usually consirts of a sat

of profiles for successive streamwise values of X and broadly the same tunnel reservoir conditions, This

is not always the case, as we have sometimes followed other schemes, whether for our own convenience or
because there Is some other rational method of grouping the profiles (e.g. CAT 5804).

The fourth pair of digits gives the position of the profile in the sequence.

The panel just below, (b), contains a number of abbreviations Indicating the general nature of the test

e.g. Z (A, F. V) PG- AW - MIT - SHT.

i.e. Zero (adverse, favourable, varied) pressure gradient -

adiabatic wall - moderate heat transfer - severe heat transfer.

Brackets round the abbreviation Imply that the appropriate comment should be given relatively less weight.
Thus in CAT 7201, the main ZPG - APG - FPG sequence Is supported by some additional ZPG data.

Panel (c) in the top left hand corner shows a sketch of the geometry of the test section. We have made

no attempt to represent the proportions of the test area - the sketch is Intended only to give an Instant

impression of the nature of the experiment. The actual test stations are Indicated by asterisks, arrows,

or If there are several stations, by a line parallel to the test surface.

The central panel at the top, (d). outlines the principal dimensionless parameters of the test. The values

are only approximate, the precise data being given as a table in section B. The Reynolds number selected

for this rapid assessment panel is that based on free-stream properties and nomentum thickness, as it was

felt that this, whilst not necessarily the most important, would be that most readily interpreted by the

greatest number of users.

The panel below, (e), gives an indication of the type of tunnel and the test conditions. Where the tests

were made on one of the tunnel walls, the "width" W refers to the test wall, regardless of the vertical

orientation of the test section. Again, numerical values are approximate and the user should refer to

subheading 1 below and the tabulated data of aection B.

.1
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The bottom panel (f) gives, in full, a reference to what was, for us, the principal source. This is usually

a source with full data tabulation, but in many cases we received the data as a private communication.

Supporting references are given only by author / year, and are given in full in the reference list. We have

used many of these to fill out the description, and frequently users will find some of these supporting

sources more readily accessible, though possibly lacking some tabulated data. We have tried to adopt the

convention that the use of the word and - underlined - implies that that source was essential for the
completion of the entry, while if we write also, the sources in question are alternatives, or contain

comment or an extension of the experiment under consideration.

3.4 Description of the experimnt

The index marks to the left of the text In this section are those listed in § 3.2 above, and used throughout

the entries. We here discuss the content of each subsection, and define the abbreviations used. Throughout,
the mark (E) implies that the figure given or statement made represents an estimate by the editors.

1 Description of test section: A general description of the means by which the test flow was produced

and observed. The geometry and dimensions of the section are specified where possible, frequently with

the aid of the authors' tabulations, and include a statement of the zero for the longitudinal

coordinate X. The start of the actual test-measurement area is specified and the way in which probes

and other instruments were inserted in the flow. An author's description of a flow region as, for

example, "uniform flow" had to be accepted. The wall roughness and waviness are given when known.

2 Flow quality: The authors' statement of the uniftrmity of the test flow in the free stream.

3 Transition: Description of the means, if any, used to force transition, and of any tests made by the

authors to confirm the fully turbulent nature of the boundary layer.

4 Upstream history: Description of the mean-pressure history and wall-temperature history of the flow

upstream of the test area, supported or replaced by authors' tables where possible. Also any other

upstream information such as a selection of incomplete upstream profile data.

5 Tests for two-dimensionality of the boundary layer: Authors' statement, or description of any tests

made to check the uniformity of the boundary layer in the crossflow (Z) direction:

6 Wall measurements: Nature of and means used to determine quantities at measuring stations fixed in the

wall. The sequence and abbreviations used are:

PW - Wall static-pressure holes with dimensions if possible.
Tl - Wall temperature sensors.

TAUW - Skin-friction measuring devices such as floating element balances (FED), Preston tubes,

or other surface Pitot tubes such as Stanton tubes,

Wall heat-flux sensors.

Probes ewployed: A description of the sensing devices used for boundary-layer profiles. Where the probes

are of the more usual patterns the principal dimensions may be given in a table, In other cases they

will usually be described in the sequence below, which Is here used to define the geometry and dimensions

of the 'normal" types.

TTP - Total temperature probes
STP - Stagnation temperature probe of the vented Pitot family. A thermocouple is placed in a vented

cavity sensing the air temperature at low velocity after a nominally adiabatic compression. Symbols

used for the dimensions are di v outside diameter, d2 - inside diameter of opening, 1 x lcngth of

parallel or near-parallel section.
ECP (equilibrum cone probe) - equilibrum temperature probe in which the tip of the probe is thermally
isolated from the support. A thermocouple records the equilibrum temperature of' the Isolated tip.

Symbols used for the dimensions are:

a - cone semi-included angle

d base diameter of cone

d - diameter of support

I length of cone support
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FWP - fine wire probe in which a thermocouple junction at the centre of a fine wire, set normal to the

mean flow, records the equilibrum temperature of the wire. The dimensions given are d - the wire

diameter, b - the length of the fine wire, and 1 - the length of the slender supports for the wire.

Where possible the thermocouple materials are stated.

TPP - Total pressure (Pitot) probes

CPP - circular Pitot probe, The symbols used are dI - the outside diameter, d2 - the inside diameter

and 1 - the length of the parallel or slender section of the probe.

FPP - flattened Pttot probe. The symbols used are h1 - the overall height, h2 - the height of the

opening and 1 - the length of the slender portion of the probe.

SPP - Static pressure probes

CCP - cone-cylinder probe, The symbols used are e - cone semi-angle, d - cylinder diameter,

11 - distance from cone tip to static holes, 9 - the angle between static holes, and 1 - the length

of the cylinder.

HWP - Hot wire probes, CC - constant current or CT - constant temperature.

8 Relative position of measuring stations: The number and longitudinal position of the profile

measurements Is given first. The X value is to an arbitrary local co-ordinate zee'o, usually on the

centre line and at the X value of the tip of the Pitot probe used. A tabular presentation of the

X and Z values, relative to this local zero, may follow for the measuring stations of, In order,

PO, TAU, Q, PW, TW, TO, P. The last two entries refer to total temperature and static pressure

profiles, and an additional entry a Y may be given indicating the relative position of the probe,"

normal to the wall.

9 Interpolation procedures and assumptions used by the authors. Notes on the means used by the authors

to reduce measured data obtained from a number of neighbouring stations to equivalent, presented, data

for a single X - Z station, Authors' assumptions In data reduction.

10 Corrections applied to profile data: Corrections for low local Reynolds number. rarefied gas, shear-

displacement and wall-proximity effects may be applied to measured probe data. A general description

of these is given, with, where possible, an indication of the order of magnitude involved,

11 Viscosity law assumed: The viscosity law used by the authors. The most commonly used expression is

"Sutherland's law', but at the low temperatures which are found in the free stream of hypersonic test

flows, this mary be substantially In error. In comparing published R THETA values with those given in

section 8, readers should bear in mind that we have evaluated viscosity as described in subsection 5.1.

12 Selection of data and assumptions used by the editors: A source will often present redundant data.

The profile data selected for computation are listed in the computer printout, but any special diffi-

culties or procedures are remarked here, as are any assumptions introduced by the editors in

processing the data.

13 Profiles presented: For the simpler cases, a general description of the sets of profiles which are

tabulated. Where it is more convenient, a table may be used to show which governing variables have

been changed. The accent Is on the gross differences between sequences, as all relevant variables

are tabulated In Section B. In describing a sequence, the abbreviation NX refers to the number of

successive X-stations.

14 Wall data presented: An account of the wall date In the tables and a note of any procedure used by
the editors to relate the profiles to such Information.

ITAM.: The description will finish with a straightforward listing of the terminal profile numbers of

the data sets, and an abbreviatod description of their nature. We list here only measured data - wall

date deduced from the profiles do not qualify.

15 Editors' coments: In § I - 14 we have tried to avoid making any statements which we could not support

by appeal to the source, or correspondence with the author, Here we removo that restriction and comment

On the experiment, incorporating our own prejudices. Some of the recurrent themes are discussed in § 4

below.
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3.5 Section B - Tables of profile boundary conditions and evaluated data.

The heading of a page in this section is arranged so:

RUN MD * TW/TR RED2W CF H12 H12K PW PD
X * POD * PW/PD * RED2D CQ * H32 H32K TW TD
RZ * TOD* SW * D2 P[2 H42 D2K UD TR

An asterisk against a quantity in the heading indicates that it was one of the input values.
The symbols are defined in the list of symbols (v) and/or in the list of abbreviations (iv) so that
only the less usual quantities are remarked here.

RUNM- is the full B-digit identification of the profile.
The "0" state is the arbitrary boundary layer edge state.

SW - the nominal value of (H6/3x)/(Bv/Dx). where e is the flow inclination

and v the Prandtl-Meyer angle, is a number indicating the relative importance
of simple waves (curvature) and reflected waves in a pressure gradient.

CQ - is a heat transfer coefficient, We give heat transfer data as the coefficient

&V/(p5 Cp U 6 TOA). We have preferred this form to the rather commonly met

Stanton number as the value of the latter dependL on the value of the
recovery tenperature assumed. Except in ideal conditions it is not possible

to evaluate the recovery temperature with any certainty. Users may form

their own heat transfer coefficient as they wish from the value of CQ.
P12 - is the pressure gradient parameter (62/-w) (Dp/Bx), where 62 is the

momentum defect thickness. This has usually been obtained by manual inter-

polation and/or differentation and so is not to be regarded as being a

precise value.
H42 - is the ratio of the total enthalpy defect thickness to 62.

K - indicates an "incompressible" or "kinematic" integral quantity

RZ - INFINITE - implies a nominally planar flow.

NM - means "not measured" or "not available".

NC - means "not calculated", though the necessary information is available.

3.6 Evaluated data uaing a pressure-based reference flow,

In § 4.6 we give a brief account of the causes of normal pressure gradients in high-speed boundary-
layers. The effect results in the main from streamline curvature, but whatever the cause, the normal
definitions of boundary-layer integral thicknesses break down in the presence of a significant pressure

gradient. The difficulty is best illustrated by an example, and we derive here a "true" value of the

displacement thickness for a flow with streamline curvature,

We suppose that we have a known supersonic flow outside an axisymmnetric boundary layer. We define the
transverse curvature of the wall, RZ, written as R below, as positive for an external flaw and negative
for internal flows such as nozzles. Then an inviscid flow field can be calculated by the method of

characteristics which in principle is determinate and fills the whole space occupied by the boundary
layer, though possibly the wall may not be a stream surface of this flow. We will see below that it

Is only the outer part of this region which is important. We will call this flow the reference flow,

and denote its local density and velocity values by pl and U'.

We then define the displacement surface as a stream surface of this reference flow, such that the mass
flow between any surface In the free stream and the displacement surface is equal to the mass flow ;n

the real viscous flow contained by the chosen free stream surface Lnd the wall. This is in essence the

normal definition, and gives the equation:

SPU (9 + y cos a) dy 0 ' U' (R + y cos a) dy (3.6,1)

where h is a value of y greater than the boundary layer thickness, O is the inclination of the wall
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surface to the axis and 6V is the distance of the displacement surface from the wall. From this it can

be seen that values of P' and U' for y < 60 do not affect the result. The equation can be rearranged as

6* h
n' U' (I + y cos) dy f ( p, U' - p U) (1 + I ) dy (3.6.2)

o R R

If there is no normal pressure qradient, o'U' are constant at the free stream value and the equation

reduces to h
6+ C (- .- ) (I + C ) dy (3.6.3)J71- r'M RlL~2

0

which corresponds to the normal definition but taking full account of transverse curvature. FIn a hyper-

sonic nozzle flow, 6N may be of order 0.5 R so that the second term becomes significant. The only
catalogue entry for which the authors took full account of transverse curvature is CAT 7206 - Kemp & Owen.
They solve the quadratic (3.6.3) for 64, hut the resulting defining equation appears very unfamiliar
(see eqn. 5.13) when compared with the usual planar definition. We have therefore left eqn. (3.6.3) as
it stands. Kemp & Owen, however, have not taken account of the strong normal pressure gradient effects
in their experiment, as a result of which P' would vary by as much as a factor of two, so that a
proper calculation would require the use of eqn. (3.6.2).]

When P', U' are not constant, it becomes necessary to solve for 6* as a limit in the original form of

equations P.6.1/2).The values of p1, U' for y < 6' do not affect the answer, but we do not know the

value of 6' until we have completed the calculation.

Once the 6"-surface has been found, it is possible to define rational defect-thicknesses for momentum,

kinetic energy and total enthalpy by finding the difference between the flux of the quantity in question

in the reference flow, as bounded by the 6*-surface, and the actual flow as bounded by the wall, We

have not done this here as we are still working on the interpretation of data in this form.

In all the foregoing, it has been assumed that the property values of the reference flow, p', U', T' etc.

were known. This is usually not the case, and it becomes necessary to deduce, so far as possible, the
property values from the experimental results in the boundaer layer. We have adopted the device of

• assuming that the reference flow is adequately represented by an isentropic flow which expands from the
5. free stream reservoir pressure to the local static pressure in the boundary layer. This amounts to the

* assumption that the isobars in the boundary layer represent an extension of the isobars of the free

* stream as they would be extended in an inviscid flow. The simple wave data we have inspected in detail

so far (CAT 7101, Sturek & Danberg, CAT 7105, Beckwith et al., CAT 7001, Fischer et al.) suggest that

the free stream pressure distribution can be extended in to the 6S-surface without introducing too

great error. Within that surface, the differences between a pressure based reference flow and an

extended characteristics calculation will become large, but in priciiple this does not matter if proper

Integral thickness definitions are used. There is a detailed examination of the influence of the
boundary layer on the wave structure associated with pressure gradients in the papers by Myring (1968)

and Myring & Young (1968). Their analysis suggests that the isobars in the boundary layer will, in a

simple wave, lie close to the local Mach lines, and this leads to broadly the same conclusions.

We have therefore presented, where appropriate, a value of 6" , D STAR, calculated from eqn. (3,6.2)

using the pressure based reference flow as an approximation to P1 U' (eqn. 3.7.5), Properties and

quantities so derived are marked by a subscript p - as pp Up. Because of a remaining uncertainty as to

the proper scaling variables to use for definitions of the defect thicknesses, we have not here presented

equivalent calculations for momentum thickness, etc. We have however calculated improperly defined

quantities which are, ostensibly, in some measure equivalent. The main justification for this Is that

these integral quantities are in use (see the source papers of CAT 6401/6503/7001/7101/7304 and

McLafferty & Barber (1959, 1962), Kepler & O'Brien (1962), Hoydysh & Zakkay (1969) for various
approaches to the problem). Their principal virtue Is that the values of the integirals in question are

insensitive to the choice of the boundary layer edge point, but since the reference flow in all cases

extends to the will rather than the displacement surface, they tend to overestimate the defect of

momentum or energy flux.
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The integral quantities in question are listed in an addition to the tables of Section B, the table

heading appearing so:

RUN D2PD H12PD H32PD H42PD RED2PDD RED2PDW D STAR

DPW H12PW H32PW H42PW RED2PWD RED2PWW

The defining integrals are listed in § 3.7, and the manner of forming the Reynolds numbers is indicated
by the last letter, as for the two forms of RED2 in the main tables. We have introduced a 6n2/2R term

on the left hand side of the defining equations (3.7.6-9) in an attempt to allow for the axisymmetric
correction represented by the 6e 2 /2R term in equation (3.6.3), for the constant pressure case, Further
work is needed, however, before it is safe to conclude that this is a reasonable procedure in the
normal pressure-gradient case.

A comparison of the value of D STAR with the value of D1 from the main tabulation will give an estimate

of the significance of normal pressure gradient effects.

3.7 Definin2 equations for integral thicknesses

I) Thicknesses appearing in, or implicit in, the main tables of Section B.

The defining equations take full account of axisymmetry, but it is assumed that the inclination of the
test surface, a, to the axis is small enough for cos a to be taken as 1 without introducing significant

error.

The reference flow properties are assumed constant and set equal to the properties at the D-state point,
indicated by subscript 6.

Displacement thickness D! or 61, or (811)
512 a

z 66zC

Momentum defect thickness 02 or 82 or (0)

62Y 2 - (I "U ) (1 + dy (3.7.2)

0
Kinetic energy defect thickness D3 or 63 or (c)

632 6 U2 y

3 Jo-- (1- ) (1 + dy (3.7.3)

Total enthalpy defect thickness 0)4 or 64 or (H
542 (1+,~ dy (3.74)

(Hereas elsewhere in the catalogue, the fluid is assumed to be a perfect gas, so that, the total enthalpy
is C T)
The transverse body radius RZ is defined as positive for external, negative for internal, flows.

The "Kinetic" integral thicknesses 01K - D3K are defined by the above equations but with the density
ratio p/p 6 set equal to one throughout,

The values of 01, 03, 04, DIK, 03K are not printed explicitly, but are given by the shape factors H12

C- 01/D2), H12K (- DIKD2K) etc.

(11) The "true" displacement thickness I) STAR as defined in § 3.6. Here full account is taken of axisymetry
except that cos a is again taken as one.
The reference flow, p'U' etc., is calculated on the assumption, discussed in § 3.6, that the pressure-

based reference flow adequately represents an extension of the free stream flow for y > 6' The property
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values are calculated assuming that the reference flow has expanded isentropically from the free stream

reservoir state, assumed constant, to the local measured static pressure. Values so calculated are written
pp, U p etc.

The displacement thickness D STAR or 6* is then found by interpolation between the experimental steps in

y from the equation:

f PP Up (I + ý- )dy f (pUp - PU) (I + .- )dy (3.7.5)

0 
0

(iII) Other inteoral quantities calculated using the pressure-based reference flow.

These are integral thicknesses used by various authors on the grounds that in the absence of a normal

pressure gradient they reduce to the constant reference flow expressions (3.7.1 - 3.7.4). They are so

foriulated that it is not necessary to specify a D-state, so long as the D point is at sufficiently

large y.

We have included the transverse curvature correction term in the integrals, and introduced a 6n2/2Rz term

on the left hand side as an approximation corresponding to the correct term which appears for the

constant pressure case in equations (3.7.1-4). Equation (3.7.5) reduces to (3.7.1) if ps,, Up are constant,

but the quantities listed here do not retain their supposed physical significance, and we have not felt

therefore that it was worthwile to refine the definitions further until we have fully analysed their

meanings.

The definitions require scaling quantities, which may be evaluated at the wall or at the edge point. These

are properties of the pressure-based reference flow, and are Indicated by double subscripts. Thus U

and UpA are the velocities of the reference flow at the wall and at the boundary layer edge.

DIP has certain likenesses to the displacement thickness
DlPW 2 (DIPD) 2

(pU) (D1PW + (oU) d (DIPD + . (T p U - OU) (I + z- ) dy (3.7.6)
z 2 R z

0

DUP is related to the momentum defect thickness

1 2
+ W ) 2 / PU (U0 - U) (1 + dy (3.7.7)

zW )0C(D2P p f ) z0

D3P is related to th'e kinetic energy defect thickness
D 33 2 ) 2 ) 6

(oU3)p(D3PW + 1 ) . (oU3 )p 6 (D3P + -"3 D)) pU (Up2- U2 ) (I + •- ) dy (3.7.8)

04P is related t the total enthalpy defect thickness

(pU To) (D4PW + (pT)D4P + pU (T To) (1 + ;-) dy (3.7.9)
dK. 0

(Note - Top - To0  and Is constant, so that D4PD 4)

3.8 Section C. Tables of Profile Data

The printed tables associated with the entries provide only a sample of the total data collection, the

full tables being given in the accompanying microfiche, and also recorded on magnetic tape. For access

to the rerordad data bank, please follow the instructions given in the Foreword (iii).
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Each profile is headed by the full 8-digit profile identity, and the data tabulated are:

I, Y, PT2/P, P/PD, TO/TOD, MI/D, U/UD, T/TD,(RO/ROD) (U/UD)

I is the Y-station identity.

The next four columns represent the quantities most likely to be obtained fairly directly from experimental

work, while the last five, with P/PD, are generally the most useful for analysis.

At the foot of each profile table there i.j a short statement listing the variables used as input to the

programme and the assumptions made in completing the table. The remark "van Driest" means that the

temperature distribution T/TD wa. determined according to a temperature-velocity relationship, given in

subsection 5.3. If there is a remark "trapezoidal rule" the characteristic boundary layer thicknesses

were calculated according to this integration procedure.

Instructions for handling the data as recorded on magnetic tape will accompany any copy that is made.

3.9 Section D. Supplemientary data

A source often provides additional data which cannot be presented as part of sections 8 and C. Typically,

this might be skin friction or heat transfer date for X-values other than those of the profiles,

additional temperature probe data, or tables of fluctuation quantities. It will frequently be presented

as a facsimile of the tables in the source when it will bear a label:

FACSIMILE FROM SOURCE PAPER - NB - AUTHORS' SYMBOLS AND UNITS.

The symbols and units will be defined, where appropriate, either on a heading page, or by superposed

notes on the facsimile. Yhe tables of this section will usually appear last, but occasionally, for

printing reasons,will be attached to section A.

3.10 Closing remarks

We have tried to produce a standardised method of description which is nevertheless sufficiently flexible

to cover most boundary layer investigations. We cannot claim that our format is a crmplete answer to the

problem, but would Implore any reader of these notes to make sure that any report he publishes should at

least provide answers to the questions Implied by 1 - 11 of Section A (§ 3.4). Ideally we would like

writers to follow our own system, at least in indexing the material points as we have. Since the key

nuimbers do not have to appear in sequence, any number may be addedi

We also feel that mesely to have provided data for sixty experiments in the same form allows us to make

a general appeal to experimenters who are processing data. We beg any worker in the field to keep

permanently, or to ensure that some agency keeps, a functionally complete record of his data, preferably

in computer-digestible form, and preferably in a form consistent with that used here.



4. GENERAL POINTS IN THE "EDITORS' COMMENTS"

The description of the experiment which forms section A of each entry is concluded by § 15 - the
"Editors' comnents". Any user reading thrpugh these in rapid succession will soon realise that not

only is there a large measure of repetitilon in these comments, but that we have tended to emphasise
some features which interest us particularly, or which have caused us trouble In the overall presentation

of the data. A reader will also note that we have introduced a certain amount of our own jargon, and
that this is used not only in § 15 but appears frequently in the main body of Section A. The remarks
made here are intended to enlarge upon, and explain, our preoccupations.

4.1 Remarks relating to the "quality" of the data

We obviously feel that we should, where appropriate, make general observations on ti.' "quality" of the
data. In a field for which experimental methods so often require the use of (sometime. complex)

calibration procedures, it would be a brave man who commented too severely on any possible systematic

errors. We would merely remark that the likely accuracy of any measurement, other than Pitot and well
static measurements in not-too-severe conditions, is very much less than the attainable precision or

repeatability. We have not therefore made any assessment of quality on the basis of our appreciation of
the likely error margin of the instrumentation used, but rather have inspected the evidence available

to us in the form of automatically printed graphs of the velocity profiles in transformed coordinates,
Regardless of the geometry, thermal state, and history of the test layer, these were prepared using a
slightly modified Van Driest (1951) transformation, according to Fernholz (1969) and compared to the

law of the wall, with the constants after Coles (1956) and the outer region correlation of Fernholz (1969).
Where no CF value was given, we used an empirical correlation based on that reported in Fernholz (1971).
On the evidence of these graphs we have felt free to comment on the degree of scatter visible in the

profiles, and also, whei the governing conditions were appropriate, on the extent to which the data

matched our expectations in such features as the extent and slope of the log-law and the size of the

"wake component" in the outer region.

The amount of data for each profile also contributes to the "quality". In general we feel that a profile

should be described by at least 201-30 points, and have commented if the data fall "short" of this. But
even this comment may not be sufficient for the reader since it does not say whether the data is spread

evenly across the boundary layer or - as is often the case - is obtained mostly in the outer layer. If
the data show very little scatter, the number of points is of less importance,but an even distribution

is important.

4.2 Reliability of I tegral values

We have regularly commented on the relation of the innermost data point to the "momentum deficit peak".
The integrands of 02, D3 and D4 all display a maximum, which may occur very close to the wall. If the
data points do not describe this maximum, or "peak", it is not possible to evaluate the integral with

much confidence, and the user should not place too great emphasis on the numerical values given in the

tables of section B.

It is, in fact, very common for data to be defective in this particular. When considering older sources

for which the evaluation of data was made by hand, this difficulty was probably overcome by a reasoned
filling-in of the data near the wall. Later data, evaluated by computer, may or may not have had an

inner region interpolated, In some cases we have found noticeable differences between the authors' 02

values and our own, which we have provisionally assigned to this cause, but since in general the so-irce

papers do not describe the integration procedure used, we cannot be certain. We have not performed any
such inner region patching ourselves, as we feel that the way in which it is done must depend strongly
on the preconceptions of the person doing it. Some further remarks about integration procedures and the

experience we have had with them will be found in chapter 5.

4.3 Temperature values near the wall

In mst experiments where total temperature measurements are made, the temperature probe is physically
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much larger than the Pitot probe, so that Pitot data are available in a region next to the wall for which

there are no temperature measurements. In general, the experimental worker reduces data in this region

with an inter-/extrapolated temperature value, but does not necessarily report the method used. If the

total temperature distribution is extended to meet the wall temperature, the resultatnt error is unlikely

to be serious unless the wall Is very strongly cooled. Interpolations based on static temperature, and

extrapolations made with no matching to the wall temperature are likely to be much less reliable.

We are aware that we have not checked every entry to see whether interpolation has taken place, and

would recommend that any user intending to refine arguments on the details of the temperature distribution

close to the wall should compare the lower values of y with the radius or half-height of the temperature

probe used.

A commonly presented temperature-velocity correlation, in which (TO-TW)/(TOD-TW) is plotted against U/UD,

is particularly sensitive to small variations of temperature near the wall, so that caution should be

exercised in drawing conclusions as to the significance of apparently widely different temperature-
velocity relationships, particularly for experiments in which heat-transfer was not severe.

4.4 Wall data deduced from profile data

We have on a number of occasions presented values of CF and/or CO as deduced by the authors from the

profile data. We would like to emphasise here, as we have intermittently in § 15, that we do not regard

such values as data, In the absence of measured values, we feel that there is a justification for giving

such deduced wall coefficients, as they are often required for theoretical developments. If the value

presented is derived from a profile gradient very close to the wall, it is inherently exceedingly

unreliable. If it is deduced by matching the whole profile to, for instance, a transformed version of

the Coles' wall and wake law, the degree of fit can be stated statistically, but the reliability of

the numerical value is only as good as the assumption that the wall- and wake-law description applies,

and applies with the "universal" log-law constants in the particular circumstances of the experiment.

4.5 The boundary layer edge

The selection of a "D-state" point, which is then treated as the boundary layer edge state, will be

discussed in the forthcoming commentary volume. A preliminary discussion may be found in Fernholz &
Finley (1976). The variation of flow properties near the boundary layer edge may result from either

the (asymptotically vanishing) influence of the boundary layer itself, or from variations of the

free-stream flow, most obviously manifest as normal pressure gradients. In general the point selected

is arbitrary, and the criteria used to guide selection are so various as to permit of variations in

the Y-position of the D-point of 60 % or more. Where we feel this might have a real significance, as

for instance for the experiments including fluctuation measurements (CAT 5003/7205/7403) we have

commented on it in § 15. For the entries as a whole, we have followed no particular rules, If the

author appears to have made a self-consistent D-point-selection, we have usually accepted it. If we

have taken special measures (c.f. CAT 5901) we have remarked on them in § 12. We have throughout been

guided in our action by a calculation of the local value of the total pressure, and would recommend,
for future use, that the D-point be set at the Y-value for which (PO-P) w 0,99 (POE-P). For low speeds,

this is the U,99 point, while at hypersonic speeds it reduces, effectively, to the point where

PO • 0.99 POE.

4.6 Normal pressure gradients

In § 6 below, we describe how the entries have been classified on the basis of the local pressure
gradient. We place particular emphasis on the existence, or otherwise, of a gradient normal to the

wall. If such a gradient is at all marked, then it becomes very difficult to make any rational calculation

of the integral thicknesses or to decide where the boundary layer edge is. (See the discussion of D STAR

in § 3.6 above, and the Inltial treatment of the problem In Fernholz A Finley, 1976.) We therefore

distinguish between the I of pressure gradient which are observed on the basis of their origin and

mode of propagation.
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Normal pressure gradient effects may result from:

i) Wall curvature, so that the mean flow streamlinps are curved and a normal pressure gradient is
required to provide the centripetal acceleration. Typical cases are the two-dimensional ramp flow

of Sturek & Danberg (CAT 7101) or the various contoureu nozzle experiments (CAT 7001/7105/7206).

The strength of the normal component is given approximately by

(Op/ly) t + (M2 _1)1/2 (C)Pflx) (4.1)

and in an ideal flow the effect propagates as a simple wave. The isobars are the local Mach lines

(Prandtl-Meyer fan, focussed compression etc.).

ii) Streamline divergence, so that a line normal to the wall dues not intersect straight streamlines

away from the wall at right angles. The isobar, on the other hand, is everywhere normal to the

streamlines and so curves away from the profile normal. Such a flow would be observed In a pure

conical expansion when the strength of the normal pressure component in inviscid flow is given

approximately by

(l/p) (;,,/ay)- - (iyy/R 2 ) M2  (M2 -1)" 1  (4.2)

where R Is the radius from the source of the conical flow, y is the distance normal to the solid

surface and I is 1 for planar and 2 for axisymmetric flow. The effect corresponds to a reflected

wave in which the isobars run through successive equally stepped right and left running

characteristics.

This effect is much weaker than that caused by a simple wave, and can usually be neglected. In
practical cases where the ideal flow is not purely conical, there may be a superimposed simple
wave element which swamps the reflected wave pressure gradient.

*I iI) Normal components of the Reynolds stresses may become large at high Mach numbers when compared to

the static pressure. The mean flow field momentum changes are then the results of a normal stress

made up of comparable contributions from the static pressure and the Reynolds stress. There is
little evidence which can be used to quantify the effect, hut a preliminary analysis based on the

results of Fischer et al. (CAT 7001) and Beckwith et al. (CAT 7105) suggests that a pressure dip

may be observed in the most intensely turbulent part of the layer, of order given by

Ap/pw 3yI cf (4.3)

This topic will be developed further in the commentary volume.

iv) Changes in longitudinal pressure gradient can give rise to substantial normal pressure gradient

effects, even on a straight wall. This is, in effect, because the pressure gradient in a reflected
wave region is generated elsewhere in the flow, so that there may be substantial regions awpy from

the straight wall in which the incident and reflected waves are simple in character. Figure 4.1

shows an ideal flow field in which expansion -is reflected at a straight wall. On the wall, from
a to b, there is no pressure gradient, but an expansion fan generated on the other side of the
experimental channel is being propagated towards the wall, and causes a negative pressure gradient

at the wall from b to c. The region bcd is a "reflected wave region" in that the normal components
of the incident and reflected simple waves oppose, while their longitudinal components reinforce.
Along the wall abc no normal pressure gradients would be observed in a boundary layer of

infinitesimal thickness. However, a traverse made over a finite range of y at AA would be made

in an exclusively simple wave region, and traverses just upstream or downstream of AA would
inevitably experience simple wave effects sufficiently far from the wall. The dashed arrows show

the pressure gradient vectors involved, and taking due account of the reinforcement of the

longitudinMl pressure gradient in the region bcd it is apparent, from equation (4.1), that the

normal pressure gradient on the line AA Is given by

(ap/ly) * 1/2 (M2 -1)1/2 (ap/ax along bc) (4.4)
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Figure 4.1 Normal pressure gradient effects near a change in longitudinal
pressure gradient.
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5. DATA PROCESSING

Figure 5.1 shows a flow diagram of the computer programme used to handle the data. We do not claim that
it is elegant, or even efficient. It has grown naturally over the years, and we have never found the time
to redesign it from scratch. The first version was provided by H.J. KUster and it has been adapted to
the specific needs of the various entries, improved and run by Miss C. Mohr. We have not provided here
a full listing as the programme is not inherently interesting and the details should not affect users
in any significant way. The editors will provide a more detailed description on request.

CSTART

number of profiles
kind of gas

Input oflKopfda"en
for all profiles

computation of
transport propertie

and other necessary

but redundant "Kopfdaierf

profile conputation

includW normalization

prw*ng of profile

II calculation ofd u
shop* factors and
Reynolds numbers

Fig. 5.1 Flow diagram of computer program

The purpose of the programme is to handle published data, as reduced by the original authors, and present
it in standard form. In the discussion below we therefore lay most eMphasis on the data input. the input
of transport properties for the working gas and calculation procedures where we did anything unusual or

experienced difficulties.

We use throughout this chapter the word "Kopfdaten" to describe ill those quantities which in principle
appear at the head of a profile table. The word is not elegant but has no short easily understood
equivalent.
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5.1 Properties of the working gas , recovery factors

There were only three gases used in the experiments described in the catalogue - air, nitrogen and hel uum,
In some facilities the reservoir temperatures were high enough for the vibrational modes of the diatomic

gases to become significantly excited. Very occasionally pressures wore high enough for the compressibility

factor (pv/RT) to depart detectahly from one. In data processing we have ignored these real-gas effects

and treated the working fluid as a perfect gas with constant specific heats. This may result in some

falsification of the relationship between the free stream static state and the reservoir state, but will

not introduce significant error in the inter-relationships between static properties and velocities etc..

in the test region if the data input is selected from these variables.

The perfect gas properties assumed are:

Gas: air nitrogen helium

Gas constant R In m2/s 2 K: 287.1387 296.50 2078.739

Specific heat ratio y: 1.40 1.40 1.667

The transport proparties were calculated after Keyes (1952) for the diatomic gases (minor constituents

of air heing ignored) and Neubert (1974) for helium.

For the diatomic gases the expression
106 T1/2

10- a° T - NS/m 2  (5.1)

1 + a T"1 
1 0 "a1 /T

was used, where the constants and the range of validity are given as

ao a a1  range of validity

atr: 1.488 122.1 5 79< T/K <1845

nitrogen: 1,418 116.4 5 81< T/K <1695

These relations were used also at lower temperatures down to 50 K for lack of better information,

For helium the expression

50.23 T 0.647

0 iT + e0T(61.2730T3 " 199.1754T2 (5.2)

+ 179.1353T - 59.05466)1 x 10"8 NS/m2

was used, and the range of validity is 0.4 < T/K <400.

At present it is not possible to state a recovery factor with enough confiden:ce to take account of

upstream history effects, boundary conditions or other flow parameters. We have therefore chosen to

use for all experiments a recovery factor r of 0.896, though this does not imply that we necessarily

believe that there will be no heat transfer at a wall which is at the recovery temperature calculated

using this. The numerical value represents the cube root of the Prandtl number for eir, though a true

recovery factot', If it could be defined, would of necessity be In some way a function of the shear

stress distribution across the boundary layer, I. e. of the turbulence structure.

5.2 "Kopfdaten" - Boundary conditions and other evaluated data

The data quantities which we call "Kopfdattn" appear in printed tables as section B of each entry. They

fall into three distinct groups, These are:

a) Boundary conditions given by the authors, or calculated by us from other data given by the authors,

and used by us as input for the data processing. Such quantities are marked by an asterisk in the

tables.

b) Calculated but redundant boundary values at the will and the boundary layer edge.
c) Characteristic boundary layer thicknesses. shape factors and Reynolds numbers P102.
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A typical input set of group (a) might consist of:

Position X, transverse radius RZ, Mach number MD, longitudinal curvature parameter SW,

heat flux at the wall,which In a dimensionless form will give the coefficient CQ,

static pressure at the wall PW and the boundary layer edqe PD, temperature at the

wall TW and at the boundary layer edqe TD.

The programme then completes the calculation for the array of boundary conditions by calculating the

redundant group (b) from the input values. in this case group (b) consists of:

Total pressure and temperature at the boundary layer edge POD and TOD,

the recovery temperature TR, the velocity at the boundary layer edge UD

and the ratios PW/PO, TW/TD.

Apart from the obvious gas-dynamic relationships, the following relations and definitions are used:

Recovery temperature TR (Tr)

T Trw Ta (1 + r Y-1 M26) (5.3)

2

Heat transfer coefficient CQ (Cq)

Cq . qwpUscpT0 6 (5.4)

Longitudinal pressure gradient parameter SW indicating the relative importance

of streamline curvature - nominal value of

SW Do ('ax) a/ (~ax) (5.5)

where 0 is the inclination of the flow and v the Prandtl-Meyer angle, in principle at the boundary

layer edge. In practice we have inserted nominal values of SW to indicate the importance of the simple-

wave element of the pressure gradient. Thus SW w I for the curved wall studies, which in the test region

were all either generating or cancelling a simple wave. SW was set to 0 for straight wall studies, except

in one case where the pressure gradients were so severe that there was probably strong streamline

curvature even within the boundary layer. For this case (CAT 7208) SW was set at 0.5.

Group (c) of the "Kopfdaten" involves the boundary layer thicknesses, and so is calculated at the end

of the programme after the normalised profile data have been assembled. For cases in which transverse

curvature is small (6/Rz of order 10"2 or less) the definitions used are

Displacement thickness

a

0 ' p61U

Maoentum defect thickness

a

Kinetic energy defect thickness
5

8 f .2.41.. [i ( T..)] (1+ J-) dy (5. B)

Enthelpy defect thickneas

S,,. f (1+ t) dy .,-)
°

: .[ . . . . .. . . . .
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The "kinematic" integral thicknesses for which the density variation is ignored correspond to the

"incompressible" definitions

6

6 z

62K f (1- +) (I+U 1 dy (5.11)
z

0 U U

63K "f u. (1" (..)2" (1+ z) dy (5.12)

0

where, In ý.6)to 5.12)Rz is defined as positive for flow on the exterior of an axisymmetric body and as

negative in an Internal flow. The inclination of the surface to the axis is assumed to have negligible

effect. These equations reduce to those normally used on plane walls as Rz tends to infinity.

The above definitions hold for conditions in which the assumption of a constant reference flow is

appropriate, and under those conditions (see §§ 3.6, 3.7) an exact allowance can be made for the effects
of transverse curvature, even when 6 is of the same order as RV. The 6 n values calculated from equations

5.6)to(5.12)are replaced by corrected valuesS1 using the relation (cited by Kemp & Owen CAT 7206)

n 1/2 a.3
- Rz (1+ all) (.13)

This is essentially the appropriate solution of a quadratic of the type found in equation(3.6.3)above.

It is then possible to calculate the longitudinal pressure gradient parameter PI2 (d 2 )

T2" (62 /Tw) (dpw/dx) (5.14)

Although provision was made In the programme for numerical differentiation of Pw (x) so as to calculate

w2. we have found that in nearly every case a human Intelligence is needed to extract sensible values.
Thus we have, so far as time allowed, obtained dpw/dx by plotting p (x) and estimating the gradient.
Such values are therefore essentially imprecise, but more accurate than the machine-derived values.

The shape factors are then calculated as ratios of 61,62 etc.

H12  61/626 H32 • 63/62, H42 u 64/62 (5.15)

H1 2K 6 1K/ 6 2K H32K " 6 3K/ 6 2K (5.16)

and the Reynolds numers as

Re6 2 - p6U6  
6 2/'w ; Re0 a P6UA 62 /0 6  (5.17)

5.3 Profile data

Profile data reached us In many forms. The program was designed to cope with five standard types of

input, and other variations allowed for by subroutines special to each entry, or In extreme cases by

conversion into a standard form using compressible flow tables and hand calculation. Most of the

difficulties occured when authors had not measured a variable and stated their auxiliary assumptions
verbally or In analytic form. In particular, the static pressure variation was often fictitious and for

many experiments, especially the earlier ones, total temperature was not measured.
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When no total temperature profile was supplied, we assumed that the velocity and ttmperature were

related by the expression

T . Tw 2Tw -r

02 6 IJ
I This is a modification by Walz (1966) of van Driest's (1951) expression. When used, whether introduced

by ourselves or the original author, a note appears at the foot of the profile tabulation as "VAN DRIEST".

The standard forms of Input were:

1. U/US, T/T6 , p/p 6 - 1. Calculate W/MM and p/p.

2. U/U6 , p/p6 w 1. Calculate T/TS (Van Driest) according to (5,18), N/Ma and p/pS
Standard provision was made to deal with an author's set of U/U6 values which had been

calculated assuming that TO was constant (isoenergetic), and convert them to

"Van Driest" val:ies.

3. U/U6, T/T8 , P/P6. Calculate M/M6 and p/p6

4. U/U6, p/08 , P/P 6  M 1. Calculate M' M6 , T/TD.

6. 14/WM, p/pa - 1. Calculate U/U,, p/po and T/T, (Van Driest) according to (6.18).

Profile data were normalised with the boundary layer edge or 0-state values. In many cases an author's

set of figures was not consistently normalised, or was normalised on an exterior flow condition which
was not in fact observed. In these circumstances we required that all normalised values should be

1.0 at the 0-state point.

5.4 The D-state and consistency

The boundary layer edge point is a point within the boundary layer, selected arbitrarily or by the

application of an arbitrary criterion. Consequently the reservoir state of the tunnel, port Tor is not

the same as the total state at the D-point. In fact we recommend (§ 4.5) as an ideal definition of the
D-point, that it be set where PO/POR is 0.99. In practice this will be found to lie at a much greater

Y-value than, for instance, the U" 5 point, and there are other advantages which will be developed in

the commentary volume.

In most cases one is not presented with data enough to compare the values of po and Por' but where it

is possible to determine the two independently, a conflict can arise. When this happens, we have calcul-
ated p0  from the profile data for the selected D-point, and readers should not expect pca to match

the tunnel reservoir pressure, which as such does not appear in our tables. In most cases, however,
Pos has been set arbitrarily equal to Por' because no other information was available.

5.5 The integration procedures

The characteristic boundary layer thicknesses 6 n wore determined by one of two integration procedures:
INTVAF or a trapezoidal rule. If the latter was used - which is the case for a relatively small number
of profenas only - this is noted in the output at the end of the profile in question.

The standard integration procedure "INTVAR" consists of a Simpson type formula using a second order

parabola and allowing a variable step size (Hasse at al. (1973)). The accuracy of INTVAR is of the
order (hi + h2 ) 3 (h 1 - h2 ) and better than that of the trapezoidal rule. The integration procedure

Is started at the outer edge of the boundary layer with a linear interpolation curve as the first step.

This allows a better approximation for the near wall region of the integral, avoiding the disadvantages
of a straight line interpolation in this region, especially for the many cases where the measurpeents
do not extend within or as for in as the maximam of the integrands of 62 and4.

INTVAR has, however, been found to be oversensitive to two special distributions of measured data points.



Its answers cannot then be trusted and we have therefore used the trapezoidal rule in these cases. One
of these is when measuring stations lie extremely close together or when data are rather erratic over
adjacent small intervals. In the first case averaging of the data in question cured the problem, but in

the second case the reason for the deviation from the hand calculated result could not he found. The
second case for which the trapezoidal rule is superior occurs when there are large gaps between measured
data points. Here again INTVAR failed. Since these error sources could not be eliminated in the short
time available before the catalogue deadline, all boundary layer thicknesses were checked either against
the authors' values, against those obtained by the trapezoidal rule or, in a few cases, against hand

calculated data.

5.6 Integral values using a pressure-based reference flow.

In § M we have briefly outlined some of the questions which arise when it is desired to calculate
integral thicknesses for boundary layers experiencing significant normal pressure gradients. The
quantities which we finally chose to calculate are defined in § 3.7 by equations (3.7.5) to (3.7.9).

In order to evaluate the integrals it is necessary to calculate the properties of the pressure-based

reference flow from the tunnel reservoir state and the local static pressure. Wheni the reservoir state

was stated, it was read into the programme as an extra input. More generally the data available did not
distinguish between the boundary layer edge state and the reservoir state, so that por was not equal to
Pod' The pressure based integral values were then calculated using stored profile data from the main

programme.

The solution of equation(3,7.5)for D STAR was performed using a weighted interpolation between values

of the integral

Yn
f pp tp (1+ d

for the four experimental values of Yn which lay two above and two below 6*
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6. NATURE AND CLASSIFICATION OF DATA

6.1 General Considerations

All the data we present were obtained in wind-tunnel studies. Inevitably, therefore, the data do not

fully represent the free flight situation. Some of the defects of representation are unavoidable, and
result from the essential nature of tunnel tests. For instance, it seems very probable that nearly all

hypersonic data are effected in some degree by a fluctuating free stream disturbance level together with

a noise level, which have no analogue in free flight. In other cases, the representation is not complete
for reasons which are In principle avoidable, though an attempt at proper reproduction of the intended
flow would be inherently more expensive, or less convenient, than the course actually followed. A common

example is the way in which constant-pressure high Reynolds number data are almost invariably obtained
on tunnel side walls. The results are then presumed to describe a two-dimensional "flat-plate" boundary
layer, when they must inevitably be influenced to an unknown extent by flow convergence or divergence,
and by history effects inherited from the upstream region. The most obvious history effects stem from

prassure gradients or wall temperature effects. It may well be valid to use the data as though these

effects were negligible, but, if this be the case, some Justification is desirable.

Our intention is to provide a data pool of general utility, so that the geometries described here are
all, in some degree, simplifications of any "flight" or "application" situation. In selecting the data

and classifying them, we need to bear this in mind. However the data were obtained, how are they likely

to be used?

There are two principal modes of use. On the one hand we have the application of data to design purposes,

where the highest degree of accuracy, and the finest detail of description, are irrelevant, since the
situation-match between the data-store and the proposed application is inevitably only approximate, On
the other hand, we have the provision of precise and detailed data for clearly defined test-cases, not

necessarily of any direct applicability, which display particular phenomena sufficiently clearly to
allow of the development of calculation methods. In an ideal world, any given experiment serves both
purposes, but experimental technique and turbulence theory are not sufficiently developed to allow of
this counsel of perfection.

In general, data obtained in ad-hoc situations on complex geometries are not published, as the results

are usually not scientificially sufficiently detailed to allow us to make useful comparisons, and the
data are in any case likely to be restricted by the need for commercial or military secrecy. Most of

the available data then are not only laboratory data, but are for very simple geometries, and this factor,
together with the complications of handling and presenting three-dimensional data, provided a strong
incentive to restrict the catalogue to nominally two-dimensional cases.

There are numerous, and inter-related, factors which affect the local characteristics of a two-dlmensional
boundary layer. We cannot say that one factor is more "important" than another, since in general importance
must relate not only to the numorIcally observed influence of the factor, but to its likely range of
variation. The following list therefore is in no particular order of importance, but does perhaps reflect

the order in which we think of the factors.

The principal controlling parameters are:

(1) The Reynolds number

(ii) The heat transfer condition

(Mti) The Mach number

(Iv) The pressure gradient

(v) The pressure and toemprature history.

Of these, the first trea are expressed by numerical values, which cover an essentially continuous range.
It is not possible to mke a distinction of type between high and low values of the quantity in question
- there Is a continuous gradation. *4e have chosen, instead, to make our classification of data on the
basis, firstly, of the features of the local pressure gradient, and secondly, where, for the "zero

pressure gradient" cole, there Is a large pool of data, on the history of the experimental boundary layer.



The classified lists of § 7 include a table giving nominal numerical values of Reynolds number, Mach

number and wall temperature ratio TW/TR. The implications of classification by pressure oradient are

examined below.

6.2 Classification by pressure gradient

More than half the available data describe tests made in nominally constant pressure layers (Group I)

which we have subdivided firstly into cases in which the boundary layer has grown from a well-defined

origin under constant pressure conditions throughout (IA), The second group (IB) contains those cases

in which the layer is fomed on a tunnel wall and passes through the nozzle expansion upstream of the

test zone, In two cases (CAT 7202, 7301) this history is in some measure descrihed and in one (7302)

the development is so long and gradual that the boundary layer is probably fully "relaxed" so as to have

the same characteristics as a flat plate layer. The experimental ranges covered by these two groups are

summarised by figures 6.1 to 5.3. Cases with substantial heat transfer arc relatively few, and are shown
in figure 6.3. There is, in addition, a small group (IC) of cases describing the recovery of a severely

disturbed layer, under local zero-pressure-gradient conditions.

The zero-pressure-gradient date form the main body of information for both the modes of use suggested

in § 6.1. There is quite a wide range of available data, and it includes a few cases which have been

studied in close detail - for instance CAT 7205, where the measurements fully describe the mean flow,

and are supported by fluctuation measurements. Regrettably, the cases of practical interest do not

generally give rise to any considerable regions of constant-pressure flow.

The pressure gradient cases have been divided on the basis of the manner in which the pressure gradient

is produced. The first group (IIA) covers those flows in which a wave structure is qenerated somewhere

else in the flow and imposed on a boundary layer flowing along a straight wall, The test layer thus

passes through a "reflected wave", without significant streamline curvature. The second group (JIB)

comprises those tests In which the pressure gradient is the result of streamline curvature. This is

associated with a "simple wave" which may either be generated In the test-zone itself, and propagate
downstream, or may be generated elsewhere and be propagated downstream so as to strike the test-zone.

The wall curvature here is such as to cause the wave to be cancelled without reflection, as. for example,

in the "bell" of a well designed contoured nozzle.

There is a vital physical distinction between the two cases as the curved mean flow of the sirple wave

cases is associated with normal pressure gradients, which at high Mach numbers become very larqe. There

is very little available information on what effect this may have on the turbulent structure (CAT 7101

contains the only measurements of fluctuating quantities), but the effects are unlikely to be negligible.

There are relatively few available accounts of simple wave flows, and this is especially unfortunate as

the boundary layers on a hypervelocity vehicle will always experience locally-generated simple wave
structures. The typical cases are the flow over the convex forward surface of a vehicle - a favourable

pressure gradient giving rise to a generated simple wave - and the flow approaching an inlet where a

concave surface gives rise to a generated simple compression wave. It seems improbable that data fror

reflected-wave pressure-gradient experiments can be applied very directly to these cases. Unfortunately,

the reflected-wave experiments are much easier to perform.

There is a final cless (liC) intended to include cases with no longitudinal pressure gradient but a

significant normal pressure gradient. Such a flow may be realised by causing an incident wave to strili'

a surface so contoured as to give rise, in isolation, to a generated wave of equal and oppositc OInr.

Such un experiment has been performed (CAT 6800) and is the only case we have included in the catalo(u4

for which no profile data is available. It is offered as a challenve to those developlnn calculalinn
methods.

This classification in itself shows clearly where the paps in our experimental knr'wledee lie. loutrdary

layers with larger longitudinal pressure gredients, with varying well temperatur(, Plong curvu•d e(,Ils

and those recovering from a strong perturbation still await exploration. In particular, it wuld to

desirable to perform more experiments like Thomann's (CAT 680O) 1'ut on a larqer !(fle erd in( lidio(

profile and turbulence measurements.
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7. CLASSIFIED LISTS OF ENTRIES

As outlined in § 6.2 above, the principal basis of the classification is the type of pressure gradient

experienced by the boundary layer in the test region. For the large class of zero- or near-zero pressure

gradient flows, we have made further division between those cases In which the whole development of the
boundary layer has been under zero pressure gradient conditions, and those with varied upstream histories.

The pressure gradient cases are divided Into reflected wave flows and simple wave flows, There are further

subdivisions based on the geometry of the test zone.

The tabular Information consists of nominal values of

M - Mach number range. For pressure gradient cases, this may be either a local value,

or the free stream value.

R THETA X 10-3 - Reynolds number based on momentum defect thickness and boundary layer edge properties.
TW/TR - The ratio of wall temperature to a nominal adiabatic wall or recovery temperature,

TO If total temperature profiles were obtained, the entry is marked P.

CF Determination of wall shear stress by:
F - Floating element balance (FEB)

P - Preston tube

S - Stanton tube or surface fence

V - Deduction from the velocity profile

NX Number of successive stations.

- Measurement of heat flux (Table 7.2).

PG Classification as in Table 7.1 (Tables 7.2, 7.3, 7.4).

Brackets round an entry imply that the information is of small quantity or questionable quality.

The tables are, In order:

7.1 Classification by local pressure gradient

7.2 Experiments with significant heat transfer
7.3 Listing in alphabetical order

7.4 Listing in numerical order

Readers wishing toselectzero prossure-gradient cases for study will find the experimental ranges

of Mach number and Reynolds number displayed, approximately, in figures 6.1-3.

Figure 6.1 Nominal experimental range for group I A (Adiabatic cases). Zero pressure-gradient

boundary layers formed under constant pressure conditions

Figure 6.2 Nominal experimental range for group I B (adiabatic cases). Zero pressure-gralient

boundary layers formed on wind tunnel nnzzle walls.

Figure 6.3 Nominal experimental range for zero pressure-gradiant boundary layers with
significant heat-transfer. (Groups I A & I B together).
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TABLE 7.1. LIST OF ENTRIES CLASSIFIED BY LOCAL PRESSURE GRADIENT

I ZERO AND NEAR ZERO PRESSURE-GRADIENT CASES

Flows for which, in principle, the pressure is constant in the test zone.

I (A) Flows with a defined leeding edge or origin ,developed under ZPG conditions.

M R THETA TW/TR TO CF NX

Type I A 1 FLAT PLATES: X 10-3

5301 COLES 2-4,5 2-10 1.0 F 1 (2)

5501 SHUTTS et al. 1.7-2.5 6-21 1.0 F 3-5

5902 WINKLER & CHA 5.2 1-4.5 0.6-1.0 P (V) 4

6201 MOORE 5 3-7 0.5-1.0 (1)

6502 MOORE & HARKNESS 2,7 60 1.0 - F 1 (2)

6702 DANBERG 6.5 1.3-6 0.5-0.9 P (V) 4

7006 HASTINGS & SAWYER 4 2-25 110 P F/P 7

7103 FISCHER & MADDALON 6.5 0,5-6 1.0 7

7204 KEENER & HOPKINS 6.3 2-7 0.3-0.5 P F 1

7301 GATES 4 8-31 0.9-1,0 P 2-3

7305 WATSON et al, 10 1-12 1.0 (P) F 4

7402 MABEY et al. 2.5-4.5 5-30 1.0 P F 5

I A 1 R FLAT PLATES WITH ROUGHNESS:

5502 SHUTTS & FENTER 2 11-40 1.0 - F 5

5804 FENTER & LYONS 2.2/2.7 8-28 1,0 - - 7/2

6506 YOUNG 4.9 5-13 0.6-1,0 - F 1

I A 2 CYLINDRICAL: (e-exterior- i-interior)

6001. MICHEL 1.8-2.7 2-4 1.0 - 7

6601e ADCOCK at al. 6 2-15 1.0 (P) 7

6701e SAMUELS et al. 6 2-15 0.4-035 P - 5

71021 PEAKE et al. 4 10-60 1.0 - P 6

72011 LEWIS at al. 4 4-13 1.0 V/(S) 9+

7205e HORSTPIAN & OWEN 7.2 6-13 0.5 P F 3

(Some nose effects are possible for 7205 and probable for 6001)

I A 3 CONICAL (Divergence)

None

1 (8) Flows with an uncertain origin

1 B 1 FLAT WALLS FACING CONTOURED HALF-NOZZLES

5803 KISTLER 1.7-4,8 30 1,0 P V 1

6602 JEROMIN 2.5-3.5 14-20 1.0 P V 10

7003 MEIER 1.7-3.0 4-10 0.9-1.0 P V 6

7202 VOISINET & LEE 4.9 7-58 0.25-1.0 P F 6

7301 GATES 4.4-9 8-31 0.9 -1.0 P - 2.5

I.

Ih
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TABLE 7.1 cont. N R THETA TW/TR TO CF NX

I B 2 FLAT TUNNEL WALL AFTER CURVED NOZZLE SURFACE

5802 STALMACH 1.7-3.7 2-12 1.0 - F/P 1

5805 MOORE 2-3.5 6-14 1.0 - F 4-6

6502 MOORE & HARKNESS 2.7 180-700 1.0 - F 3

6903 THOMKE 2-5 85-350 1.0 - P 2

7403 LADEI4AN & DEMETRIADES 9.4 40 0.4 P V 1

7601 VAS et 0l. 2.9 20-400 1.0 P 9

1 I 3 CYLINDRICAL TUNNEL WALLS AFTER NOZZLE

7002 JONES & FELLER 5.9 8-80 0.7-0.8 P - 4

7203 HOPKINS & KEENER 7.2 15-55 0.3-0.5 (P) F 1

I B 4 PLANE TUNNEL SIDE WALLS (NORMAL TO CURVED NOZZLE WALLS)

6505 JACKSON et al. 1.6-2.2 10-120 1.0 - F 2

6601 HOPKINS & KEENER 2.5-3,5 50-60 1.0 - F/P/S 1

7302 WINTER & GAUDET 0.2-2.8 10-160 1.0 P F 1

7303 ALLEN 2-4.6 10-80 1.0 - F/P 1

I (C) Flows recovering from a severe perturbation.

6805 MOORE (STEP) 2-3.5 6-14 1.0 - F 4-5

6401 CLUTTER & KAUPS 2-4 10-40 1.0 P - 5
(BLUNT INCREASE)

7102 PEAKE et al. (RING) 4 10-60 1.0 - P 6

7209 STONE & CARY (TRIPS) 7.7 6-10 0.8 P 2

II CLASSIFIED PRESSURE GRADIENT CASES

II (A) Reflected wave - straight wall

In principle, nomal pressure gradients should be small except near large changes in the pressure

gradient, where a simple wave elament may be observed.

I IIA1 PLANAR- FPG

6503 LOBB et al. 5-8 5-12 0.5-1.0 P (V) 1

5801 NALEID 2 10 1.0 - F/P (1)

6504 PASIUK et al. 1.5 to 3 2-10 0.8-1.0 P 9

6902 MICHEL 1.4 to 3 4-2 1.0 12

7304 VOISINET & LEE 3.8 to 4,6 6-50 0.25-1.0 P F 6

7401 THOMAS 2.5 to 3.0 14-24 1.05 P S 15-18

1 A 2 PLANAR - APG

5801 NALEID 2 10 1.0 F/P 1

7007 ZWARTS 4 to 3 36-70 1.0 - P 20

7104 WALTRUP & SCHETZ 2.4 to 1.9 20-40 1.0 P F 4

7401 THOMAS 2.5 to 2.2 14-20 1.0 P S 15

II A 3 CYLINDRICAL - FPG

72011 LEWIS et al. 2.4 to 3.7 10 1.0 - V/S 7

1I A 4 CYLINDRICAL - APG

71021 PEAKE et al. 4 to 2 10-60 1.0 - P 6

72011 LEWIS et al. 4 to 2.4 10 1.0 - V/S 12

7208a ZAKKAY I WANG 6 to 4.6 96-140 0.7 P 8
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TABLE 7.1 cont. M R THETA TW/TR TO CF NX

II A 5 COMICAL - FPG - DIVERGENCE (all nozzle walls - internal)

5901 HILL 8-10 1.5-3.5 0.5 P V 1-2

6801 PERRY 8 EAST 8-11.5 6-35 0.3-0.4 P V 3

6901 BOLOMAN at a1. 0- 4.1 3-12 0.6-0.9 P 4

7207 BACK at al. 0- 3.6 10 0.5, 1.1 P 6

II A 6 CONICAL - APG - DIVERGENCE

None

I1 (B) Simple wave - curved walls

In these flows the curved streamlines require, in principle, normal pressure gradients, the

significance of which increases with Mach number.

I B• 1 PLANAR - FPG

None

II B Z PLANAR - APG
7101 STUR£K I DANBERG 3.5 to 2.8 20-40 1.0 P P 8

II 9_3 AXISYMMETRIC - FPG - (All external, all generated)

6401 CLUTTER & KAUPS 2-4 10-40 0.7-1,0 P 5

7005 ALLEN 3 1.4-10 1.0 - P 7

II B 4 AXISYMIETRIC - APG - (All external, all generated)

6401 CLUTTER & KAUPS 2-4 10-40 1.0 P 4
6503 STROUD & MILLER 5-8 2-50 0.4-1.0 P 7

7004 WINTER et a&. 0.6-2.8 8-40 1.0 - 6

II B 5 AXISYMMETRIC - FPG - (All Internal, all cancelled)

7001 FISCHER at &l. 19-22 4-6 1.0 (P) 5

7105 BECKWITH et a1. 19.5 2-4 0.2 P 1
7206 KEMP & OWEN 19-45 1-8 0.35-0.85 P F 4

II (C) Normal pressure-gradient cases

If suitable incident waves and generated waves are superimposed, it Is possible to generate a region in
which there are no streamise pressure gradients, but nevurtheless lArge transverse gradients. No case

is reported in which profiles were measured, but a wide range of heat-transfer measurements were made by
THOMAWN (6800) in flows with carefully combined gradients giving fields of types A, B and C with a measure

of commonality in other features. These results have been Included in the catalogue.
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TABLE 7.2 FLOWS WITH SIGNIFICANT HEAT TRANSFER

PG - Classification by local pressure-gradient as in Table 7.1 and § 6.2.

Q - Determination of wall heat flux

W - measurement at the wall

P - estimated from temperature profile.

PG M TW/TP TO

5503 LOBB et al. II A 5-8 0.5-1.0 P W
5901 HILL II A 8-10 0.5 P P
5902 WINKLER & CHA I A 5.2 0.6-1,0 P W
6201 MOORE I A 5 0.5-1.0 -

6401 CLUTTER 6 KAUPS II B 1,-4.5 0.7 P (W)

6503 STROUD & MILLER II B 5-8 0.4-1.0 P W

6504 PASIUK et ml. 11 A 1-3 0.8-1,0 P (W)
6506 YOUNG I A R 5 0,6-1,0 W

6701 SAMUELS et al. I A 6 0.4-0.5 P (W)
6702 DANBERG I A 6.5 0.5-0.9 P P (W)

6800 THOMANN II C 2.,5 0.8 - W
6801 PERRY & EAST II A 8-12 0.3-0.4 P W
6901 BOLIDMAN et al. It A 0-4 0.6-0.9 P W
7002 JONES & FELLER I B 6 0.7-0.8 P

7106 BECKWITH et al. II B 20 0.2 P W

7202 VOISINET & LEE I B 4.9 0.25-1.0 P N

7203 HOPKINS & KEENER I B 7.4 0.3-0.5 (P)
7204 KEENER & HOPKINS IA 6.5 0.3-0.5 (P) -

7205 HORSTMAN & OWEN IA 7.2 0.5 P W
7206 KEMP & OWEN II B 20-40 0.3-0,9 P W

7207 BACK et al. II A 0-3.6 0.5, 1.1 P W
7208 ZAKKAY & WANG II A 6 0.7 P W
7209 STONE & CARY I C 7.6 0.8 P (W)
7301 GATES I A/B 4, 5 0.85-1.0 P W

7304 VOISINET & LEE II A 4 0.26-1.0 P W

7403 LADERMAN & DEMETRIADES I B 9.4 0.4 p
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TABLE 7.3 ALPHABETICAL LIST

PG - Classification by local pressure-gradient as in Table 7.1 and § 6.2.

PG PG

Adcock et al. 6501 IA Shutts et al. 5501 IA

Allen 7005 IIB Stalmach 5802 IB

Allen 7303 IB Stone & Cary 7209 IC

Back et al. 7207 [IA Stroud & Miller 6503 1IN

Bockwlth et al. 7105 [IB Sturek & Danberg 7101 lIB

Boldman et al. 6901 IIA Thomann 6800 IIC

Clutter & Kaups 6401 118 Thomas 7401 IIA

Coles 5301 IA Thomke 6903 IB

Danberg 6702 IA Voisinet & Lee (ZPG) 7202 18

Fenter & Lyons (R) 5804 IA Voisinet & Lee (FPG) 7403 IIA

Fischer et al. 7001 lIB Waltrup & Schetz 7104 IIA

Fischer A Maddalon 7103 IA Watson et al. 7305 IA
Gates 7301 IA/B Winkler & Cha 5902 IA

Hastings & Sawyer 7006 IA Winter 8 Gaudet 7302 16

Hill 5901 IIA Winter et al. 7004 lib

Hopkins & Keener 6601 IB Vas et al. 7601 IB
Hopkins & Keener 7203 1B Young (R) 6506 IA

Horstman & Owen 7205 IA Zakkay & Wang 7208 IIA

Jackson at al. 6505 IB Zwarts 7007 IHA

Jeromin 6602 lB

Jones & Feller 7002 IB

Keener & Hopkins 7204 IA

Kemp & Owen 7206 IIB

Kistler 5803 ID

Laderman A Demetriades 7403 10

Lewis at al. 7201 IIA

Lobb at al. 5503 IIA

Mabay at al. 7402 IA

Moler 7003 lB

Michel 6001 IA

Michel at al. 6902 IIA

Moore (Step) 5805 IC

Moore 6201 IA
Moore i Harkness 6502 IB

Naleid 5801 IIA

Pasiuk et al. 6504 IIA

Peake at al. 7102 IIA

Parry & East 6801 IIA

Samuels et al, 6701 IA

Shutts & Frnter (R) 5502 IA
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TABLE 7.4 flU"ERICAL LIST

PG - Classification by local pressure-cIradient as in Table 7.1 and § 6.2

PG PG

5301 IA Coles 7105 lIB Beckwith et al.

5501 IP Shutts et al. 7201 hIA Lewis et al.
5502 IA Shutts & Fenter (P) 7202 IB Voisinet & Lee (Z PG)

5503 IIA Lobh et al. 7203 IB Hopkins & Keener

5801 IIA Naleid 7204 IA Keener & Hopkins

5802 1B Stalmach 7205 IA Horstman & Owen
5803 IB Kistler 7206 lib Kemp & Owen

5804 IA Fenter & Lyons (P) 7207 IIA Back et al.

5805 IC Moore (Step) 7208 IIA Zakkay & Wang
5901 IIP Hill 7209 IC Stone at al.

5902 IA Winkler & Cha 7301 IA/B Gates
6001 IA Michel 7302 IB Winter & Gaudet

6201 IA Moore 7303 is Allen
6401 116 Clutter & Kaups 7304 IIA Volsinet & Lee (FPG)
6501 IA Adcock et al. 7305 IA Watson nt al.

6502 IB Moore & Harkness 7401 IIA Thomas

6503 119 Stroud & Miller 7402 IA Mabey et al.

6504 IIA Pasluk et al. 7403 i1 Laderman & Demetriades

6505 IB Jackson at al. 7601 Ia Vas at al.

6506 IA Young (R)

6601 IB Hopkins & Keener
6602 IB Jeromin

6701 IA Samuels et al.

6702 IA Danberq
6800 IIC Thomann

6801 IIA Perry & East
6901 IIA Boldman at al.

6902 IIA Michel at al.

6903 IB Thomke

7001 1IB Fischer et al.

7002 I Jones & Feller

7003 10 Maeer
7004 lIB Winter at al.

7005 11B Allen

7006 IA Hastings & Sawyer

7007 IIA Zwarts

7101 1I1 Sturek & Danberg

7102 IIA Peak@ at al.

7103 IA Fischer A Maddalon

7104 IIA Waltrup & Schetz

IEl II II I



SECTION 8

THE ENTRIES

The entries are arranged in the sequence given in Table 7.4.

Note: Boundary conditions and evaluated data are given for all profiles as section B of each
entry. This data is also printed on the microfiche, which gives complete data for all
profldem. The tables of section C of each entry provide only a selection of the profile
data. Section D, additional data, is not printed on the microfiche.

A.



5301 -A-I

2.0, .5301
.- IL m M : 2.0. 2.6, 3.7, 4.5. 5 0

R THETA X 10- 3 : 2 - 10.
TW/TR : 1.0. ZPG - AW

Continuous wind tunnel with symeetrical flexible nozzle. W - H - 0.46 m.

0,067<PO<l.0l MN/m2 TO: 310 K. Air. 3<RE/mxlO'616.

COLES D., 1953. Measurements in the boundary layer on a smooth flat plate in supersonic flow:
I. The problem of the turbulent boundary layer, II, Instrumentation and experimental techniques at the
Jet-Propulsion Laboratory, and Il. Measurements in a flat-plate boundary layer at the Jet-Propulsion

Laboratory. JPL. CALTECH. Rep. nos. 20-69, 20-70 and 20-71, (Ph. 0 thesis, Cal, Inst. Tech., Pasadena.
California 1953)
Also: Coles, D. (1954).

I The test boundary layer was formed on the lower surface of a flat plate mounted 13 mm below the tunnel

centre-line, completely spanning the tunnel. The leading edge (X - 0) was formed as a 150 wedge with a
nose radius estimated as less than 0.013 mm. The overall length was 0.84 m and the width 0.46 m, Measure-
ments were made 'in the central zone' of the plate which was not cooled, Up to 15 minutes was allowed for

2 temperatures to settle. 'Particulpr attention was paid to the working-surface finish'. The calibration of
the empty tunnel showed static pressure variations of order 1 %, With the plate inserted, the pressure
field produced by the plate and boundary layer caused static pressure variations of order 5 %. These

correspond to 1 % in M at M - 3,7, for which the data on flow-uniformlty are presented and which have
3 been presumed typical. The profile measurements were mainly made with a fence trip constructed of wires

0.34 mm in diameter spaced at 6.4 mm spanwise intervals and projecting about 2.5 mm normal to the surface

of the plate at the leading edge. For some tests this was replaced by a sand strip extending from X • 20
to 30 me, and for others by a set of airjets issuing from holes 6.4 mm apart at X - 19 mm, The holes were
distributed over the central 405 mm width of the plate and connected to a common manifold, The transition
region was determined from the boundary layer induied 3tatic pressure fielu and the wall shear-stress

5 measurements. The nozzle plates were adjusted to give constant pressure on the tunnel centre-line when

empty, so allowing for the four tunnel wall boundary layers. Empty tunnel tests at M - 2.5 showed slight
flow convergence in plan view and divergence In elevation. The static pressure on the plate at Z - 70 rmm

differed from that at Z - 0 by about 1.5 %.

6 Twenty seven static piessure holes were provided on the line Z % 70 m. Additionally each balance Incorpor-

ated three, one of which was the balance gap, The copper-constantan thermocouples buried in the plate
measured TW at X - 245, 425 and 514 mm, Z "30 mm. TALIW was measured by three JPL-design floating element
balances mounted on the centre-line at X - 140, 330 and 610 rmm. The element was rectangular, extending

6.4 me in the X direction and 38,1 mm wide. The balances and their calibration procedure are described in
7 JPL Rep. 20-70. A variety of FPP probes were used to measure Pitot pressure, the original intcntion being

to use the tubes as mass-flux probes so as to allow the determination of TO. A typical example is quoted
8 as having h2 - 0.23 mm, b2 - 1.35 mm. The Pitot pressure profiles presented were measured between X - 542

10 and 646 mm, with one exception for which X - 263 mm. No corrections were applied,

9 The author's interpolation of CF values for the profile boundary conditions has been accepted, The source
11 data were reduced assuming an iso-energetic boundary layer and Sutherland's viscosity law. The tables here
12 are calculated assuming a Crocco/Van Driest temperature-velocity relatlon and constant static pressure.
13 TW data were not presented and the editors' recovery temperature has been used. Fourteen individual profiles

are presented, the sets for each Mich number being over a range of different total pressures. Most (0101-

1101) were taken at X - 546 mm with the fence boundary-layer trip. The exceptions are 1201 (Sand trip,
X a 542 mm) 1301 (Air-jet trip X - 263 me) 1302 (Air-jet trip X - 542 me).

DATA: 6301 0101-1302. PT2 Profiles. NX * 1 except for the pair 1301-2. CF obtained separately with floating
element balances.



15 Editors' Coimments

This investigation was a pioneer attempt at a reasonably complete survey of a ZPG-AI4 boundary layer.
Other early investigations also without TC profiles are those of !Shutts et al. - CAT 5501, in which there
were up to five successive stations, and of Stalmach - CAT 5802. Later, full, studies are those of
Hastings A Sawyer - CAT 7006 and Mabey et al. - CAT 7402. Axisywtetric cases which overlap in Mach number

4 ~and Reynolds number are the 7PG series of Lewis et al. - CAT 7201 and Pe.ake et al, - CAT 7102. An

examination of our wall-law plots suquiested that the Cr values may he slightly high, though any likely
discrepancy lies within the indeterminacy of a single observation. The different types of triDPInq devices
may have infljanced the boundar-y layer at the measuring station.

CAT i3fl1 cLOL1 HOWIDARY CUNDITIONS AN[) LVALUATED ,)OTA. 31 UNTIS.

RUN ft' * iw/ru* qr1hA CF I1 lit.? ei W P
(1 P0001 OW/Pf* RC020I Co m3l IiWK YW to
RZ TOD0* Sh * Da r!2* ml42 0.7K 010 yR

5J0101010 I.Qbbu 1.01)3 1.0971"101 2.72W0-03 S.0784 1.463a S.5947"+01 3.5o.77+03
5.45591-01 2.6WA14'04 1,600)0 1.0305'+'03 NM 1.7614) L.7704J 2.q170"#4QZ 1.72340'02

S.1)55C9"-01 b.6661"'*04 1.0000 6.;W 0 NM 1.T787 1.17bs 2.8169"+02 1.1.,9d"l+u?
VIFNI~TN1 10141,110o 0.0000 P.35091-04 0.00001#00 o.08(16 1.0'5)311Il ý. I s0?II+na a.6789W#0?

5.l45WQ-01 q.469*t0' t.00n0 8.9041*,03 NM !.1943 1.7636 2.8892"402 1.6956"+02
INrIN111I 3.0278"+112 Q.'0ool T~4q"e -lu..J00 0 (1.01( 4.a47';"-(,j 5.174toe"+ )? e.b9?."+u2

5.35S4*.01 S.4660s+0 1 .0000 2.335%9,03 fil 1 .7115 1.7610 e1(1f"1l12 1.3165"+012
I3A1~1,17r I.0uIj~I u. U1ioiu 7.47o44-01 0.0000"'0o 0.10116 I .U017'.1' 5.eAlo)"02 ?, P"0

t~.41)5%9"-0 '1.q9q99 14 1 .0000 4.7UP10*03 (N1 1.79io 1.774)1 2.900V+120 1.3321.+0?
*INFINITIF 3.03 O 0"fl71110000 7.1l393"-04 0.00000*Ul1 1.1059 1.1035"-Ol S.9L4,jl"4(2 2.q0b2"+Il7

*53010601 2.5760 1.00(10 5.430"+031 1.6600"-ul 14,2558 1.0141 q.0%bo"+03 9.0,560-003
S.%N0 1.7'465*#05 1.00(101 1.0590"+.04 NM4 1.7903 1.7728 ?.QbdA"+O? 1.3 8'40+0

53010101 1.90 .01000 7.49o74002 2.1100~-1,3 1.055 1.4844 1,)1984*+07 i.18o
S.45sq".4( 7.80611'$0I 1.0000 2.2015M+05 NK .8& 1.6163 (3(1A P~.I4334"40e~8236.

* Irinllr !.0667"*02 tino 6.oo251 .0') 0.O000o410 0)iI3A3 1.'"651-01 0.7(a1140+0 iJ~0.

U3010('01 1.7010) t.0000 1.48m?"+03 1,6?00*-03 7.036h 1.0803 I.NSBA-su3 1,3580'euS
5.0)59".-1 1.37312"tO5 (.0000 4,4608"+03 N4 1.7980 1.7651 R7H97'.a2 8.5313"0i,)
INFINIWE 3.116&7"W0 0.0000 6.O102W-04 o.0rlQ0",u0 0.1370 L.202t"-91 b.7?l41"+J2 2,8792"102

53010901 3.0970 J.0000 a729~5:+03 1.3AW000 1.1461 .45 07.61 -1 2.671to

Ih1rlI.TTE 3.Q0204,2 U.0000 6.1225*-0N 01.0000"400 0.1360 (.(194'..l3 b.7711l+'JZ 2.8AQS"i07

51011001 4.5124 1.00100 b.80210+0 1.4)0100"03 1O0.0117 1.5506 to:71bb-+O? 6.7166-"+,2

W~INITF 3.0.067"t0Z 0'.0000 5.696(j-04 0.0000to'o U.1511 1.21502"-ol3 7.1) 4b-*0P 2.61306-+02

55011101 4,r'540 (.0000 I.b0?9'+03 1.2200"-031 10.0614 1.5002 1.Z5786,I)3 1.2578("+03
5.4559M-01 3.8930"#05 1.60000 b.bQ12*403 NMl 1.8067 1.1632 2.31114"44P '.97881*01)
INFINITI ).0l776+02 '3.10000 5.4696"-04 0.0n004+00 0.S14 1.Z2710".u3 7.0h0t*+4i2 2.f8j9" 4 02

5.429%-01 'l.'1;0"*05 I.u000o S.P7319,3 NH 1.6232 1.1620 e.a%574+oe b,.07371+01
INFINITY ll1ih7t?102 n.0000 4(.5013"-04 0.0000"400 0.1521 9).1690".104 7.10(IA14027 2.865'le0?

53011301 4.51)40 1.0000 7,7610102+O 1.5500P.03 9.b86? 1.51)98 1.37IQ7N+03 1.37971+03
2.62690-01 0,fl(3Q*#A$ I.no00 3.(790*+03 NM 1.6259 1.752b 2.1JIkq"tU2 b.19W+01I
INrINTIE 1.13331+4f2 0.0)1)00 a.5216"-011 0.0000"00o 0.1523 5. "biff-10 7.(10181"Ilul ?.(47L9*+O?

53011302 4.54.10 1.00)00 1.35300*05) 1.2bWf-.03 9.6162 I1,44b8 I.317I103 l.(7"4)
5.42990-01 14.12463*005 140G00 5.5323"+03 NM I.sWb 1.1`79%; ?.86.5941411 b,0073"01INFINlIr 3.1,176"J0 0.0000 4.S340'.01) 0.0000"+00 0.1521 9.7e3MI*-0Ql 7.11421+u2 2.06590*II2



530 1-Cl-

530110401 COILE l'llfl!LE TAI1UL-ATn'l P P 10 11103, F16L 1. tT J ~1 IT e P

I y I"! /P P / Fl) T J / T07% 1/ l!) u/'J TI t1) li1,'.i 1.r L j till

1 0.03000l"+00 J.n10"+Qll rit' 0. WA I 'I1 0.000 11 0 A."00i0 2. 1 1 I n .0 n * 1
2 b.0706"-014 2 . 1In1 Il 00U 4H a NM l.'a638 0. 1'l 'Ql~ o .1 7 70 9, 1 7 h ý0I 4 1 0 32 69 4

3 tb. 5d0'-0'l 93,13 C 00 6 J* 0) u * 9f632 2 0. ll'0.J07 0 .61 )115 1 7 71;7 1 31 0'1," 7
'j 7 .5046'~-0114 '18 %s 311 + ti .96459) ) 'iA0.r,7 a 6i' 1 *b9A7l 1, J, S7 0J15

U . 531 -0J 2.bl32" At I 0. 11o'S13 0 .506m s 0 .bl.i,3'i I SO SO.; u*31 3

Ii .6520"-o 2.A3h5"*,iO lip, 0. 9. 1`4 0.b52bt,,2 .7Z611 I )3461, 01.41215

7 1.1624J-I.03 3.00oJ?"'0i) ýJll 0.9S94il0 J . Win 1 Q.6b"I1 ? 1.1t,.)37 j o '1.31 (
813 .2596"-03 3 .t.6l" +qQ Y uI o.,07 79 i1.543,47 . 7 -W10 1 r;)7bi4 ol . .1111I

q I .4s59"-lJ3 3.SS13 "A+00 l"p 0j.7715 0.W111094 0.7?113 1q . 5' Y I .' l.l i,7,iI

10 1 .611O"-iJs 3.51fl2"+u11 I4M 01.97396 0).600,5. 0. 7110A1 I.N'? ti l.,4 Aj 8 S

12 2.3043"-013 3.q2?941150 W. 0 .9 7 b62 0 . I'll1 16 0.175pf 1 .41)16 A1 4i~3l144
ii 2.7127*-Ul q4.1 770".t60 tWi 0.')783.3 U0.6650 1 0 .79'111 I . I'I)fA h 9 'b7

p4 3.2004"-03 4.1(1112"+00 li . 9105 ) 0 . 0401 1 (11 1. I I('I I 1 364813 t, i. Ij JA 0

15 3.7997"-05 il.iT100"l00 fit, 1.8 310 4 0.72)65 0. 0a2111~l I.33,164 11 .u3 11,

16 4.lJB5b"-03 5 .38b)8 11+I0o fiit, ; 965t)(15 0.767614 0 .06031 1 .2620i', 0.u7 IH6
17 5 .319 1"-01I S.q839"+U'1 :NM 0.944177 0.8113114 0 Uqql'13 1 . Z I" ) 11 .391

Ill 6.36711"-Dl 6.7,2314" fl)o 1, V 0 .9 q2 19 0.8 6 b663 0 . )3-1) f I 9 1 .I A f t 1. a 16 71
19 /.%bq1"-03 7.9301"+00 f1Ml 0.9959n 0 9? 1 () 1.71h10 1 .05811" ( l. di,)9

20 '4.0570-03 8.29211"+01 ril., 0.49333 0 .9o9134 l0 q85h7 I 1 .O3 2 Q j ."'A? 7
a21 1. 0 1)*-02 a.70%8".00 114 M u. )9 q71n 0. L 0 9 1 0.OI .ii7i I10 ( lb 1.91126

D 22 1 .2
9
71i"-i12 8.7851"+00 '41, 1.00000 1.U00010 1.4r101i' I . )AqAf) I. 0n

INPUT VAIIA1ILLS YrU/UD (I3OCNiERGTII.
ASSU:IL 111PD# 744.310, VAN DRIEST

S30101.01 COLES PROI-ILE TAOIJLATIOI) 21 1`011115, .VLTA .AT POINT1 0

I P12/I' P/pP% yj/00 l;N U/J!O T /31' Q'i11/f)R'*~ut/uD

1 0.0000"+000 I.ftlnolquo li 11 1941065 0.011001 0 .%OO101) 2.191198A 01.01300"l
2 6.0706*-0lJ 2.377l4"+O11 r:' u.1627 4 0.1110144 Q.(1003 1 .74777 0.349114

3 6.01J¶I".00 2.3Il7014l0 Jim 0. q64015 0 . 47392 0.iu?7 W 1. 7 a13 1 .3u 7 1
4 7.5946*-00 P.b0'l81400 :IfA 0.76505 0.49154 0 .(14113 1.70140 U .37 031A
5 13.5340'-00 2.7351 "+90 ljv 0.760~23 0 .506,815 .45(3is, I .1377614 ( 1. 3Q132
b 94.6520"'.04 2.B'I'+ 0) ;4p, 0.9h1.132 .52092 0.00)3. 1 bSSA'4 u0.48112

7 1.*192'd1-C3 2 .99413"t too 1M 0 ,96451, 0 .530 13 lJ U8,71 I bs10qn ').112003
13 I.251W-93 3.11534"+10 14 M o. ),q I 0.5si411 u .7 t)Z11 1 . G0 3 7 b .41781
9 Il.0329-"Os 3. 3175" +00 qtil 0 .'? 71 R 0.571113 0.718116 1,57b'73 ' 11.357

10 1,0101,0".03 S.'111 at"+ 0l 0 WA 0.977460 to. 589 10 0 .71366 1 .54q93 11.47051

1I 1 .9 710'.0)3 '3.69 0 71 +0 f, M 0 . 97 415 0 .iuj09b 0 0 .7 E1I2a7 1 . 51 a7 ( 0.,4 ()4 h
12 2 .3 0 6 3" -U 3.q91614306 1" 0, 9M 7 5 7758 Q.bl11 9.7w)10 1.41,149b I' .517784
13 1.7127"-01 4.18141"+00 141 00177b2 0 .63V.)h1 0.'82 ,.o41 .54'4o
14i 3.20011"11,1 0.3ý076"+00) lip, 0 17475 0.b804 Y 0.01 163 1 . 1001143 11.37764

15 1.7691"-03 5,0o1`16-00 ;414 0.944571 0. 7?030 0.814d'it1 1.334.60 I) . b2612

Ilt i4. 4656" -0 3 5.4501"400 I'm0 0 . 98 SP3 0. 16123 0.46671 I .2113 D 6665lA1)

17 5 .3 S9I"-QIi 6.ia2'1+"*01 llA 0.1440167 0.41197 0 .O iti3 1 .2717( n 7 .12Q 3
111 6.3676"-uN 7.11071"0I10 ll-' 0.99261 0 . d 316 , 7 156.7 1 .1140131 0.614143
19 1.5640 -03 11.o11 '9"+00 111A a0.993 0gsL .93015 U .9 7000i I .~0 I)11" U.901137

20 9.0576"-1,3 4.81111W+00 NM U.99930 0.98711 0 .9-4 013 I 1. 1114 1q :).9h )?I
0 21 1 .0813"-02 17. 0319" +UO 1110 I .00000 u I ,Oil 0( U 103010 I 1117 I .-oio 104JOU1

I11PUT VAIIIAJLUS Y#U/IID (130L.NERGE1TIC)
AS3UMF PP0. TtlNYl1, VAN DRIlEST

153011101 COLES PRInrILC TABU1LAIOICII P2 POINT", UELYA AT PoIN16 ý12

I y P72/I P/111) TWO00) Il/Ill LJ/Ul) T/111 Imi/Rw)/0I*U/Ur)

*I 0.Wa111too I .01100k 0(1 1'1A .91621) O00.OZ;fl 0.010004 4.71641 11.00u00

*2 6.0706"-04 2.70l1"01V)0 Nm 0.44106A 0.z6512 0.1'026' .. ?11 i0pln Q.14981
3 6.83801-01 3.0t,1.400 tip 01.44399 0.300)418 0.'375111 34i~lt 0).11.5z
4 7.54.16"-04l 11.151111"i)0 14t 0.90633 L1.32016 0.509ti.1 S.39-11 U.177(00

6 .5344'-014 ).7037"+0T0 fill 0.90892 Q1.3'1')M1 0. UP 10350 31.a52i 11.191311
U 9.6520"-04 4.0511"t07 14M 0.4Sl34 0 .360141 Q. U4758 )3. 1 S07 0.20501

Y 1.1124"-03 0.21Y5"000 tIm 0.95A7 0.311170 0.00774 5.Q%1)I"u () .2 1 d2i
a 1.25,064-03 4.72711"l'0 l410 0.93556 0 .39811(1 0.08577 Z.41.141.4 0.23100
9 1.41329".05 43. Ga6'V *00 f411 0.95766 0,1.JIlbli 0.70341 2.8771,1 1.2,4413

20 1.6M400-03 5.4174j"#()o 116 0 . )Sqqt 0.02115 0.718164 Z.74elo 0.2%b76
*It I .'710*-03 5.81 1i'i00L U4FA 0 .96b1443 0.100645 01.731407 2.7114142 0.27123

22 2.3063"-03 6.2439"+00 11ly 0.96351j 0.464S3 0.7'3135 2.0111I41 1 0. 201.95

13 2.7127"-os 6.7703"t02l fJW (I .965s'4 0.41118330 0. ?s1f966 2.5 1 014 u1.3611610
14 3.2?0040-vs 1.46C11+"00 t11M 0.968h0 0.s1120 0 . r9 011 2.39?bs 0 . 33'1114
IS 3.?197"-03 8.14107"+00 1110 0.,47200 0.541301 0.s1 (0)11 Z.Z4175. 0.313101
II. 4.4186W-41 9.1sul?"t00 ltl 0. 97bbs o 0.384,1 U. 0 4 IM e.081105 0 .- 111194.
17 5.3391"-03 1.1?61"i01 lflA 0.9801313 0.615594 0.87277 1 .131395s 0 .iJt2A 7
10 6.36781-03 Jim7~~0 1JM .44499 0.70%.63 0.907531) I.hbqq 0.5a217
19 ? .5.)'i.11, 03 I.603-~01 1410 0. -89;! 10.77303 0.9V131 1.49116 1) .613 4d
20 9.057611,03 2.018281"#01 Nim 0.99q81 U.87321 0.19685 s 1.23"s3 0.787??
21 I.OA13P-D0 2.5 168"+0 1 110 0.996s9 0 .9b1438 (). 91152 1.00 71 Q 0 . 9 294

10 22 1 2740 2.7 160"+01 NM .o10 1.000001 noo 1.001000 1 . lInvfO0 I .011oll'

INPUT VARIAJLLS V.U10/ID (CSJNEAGEJIC)
A3SUML PIPO, II..Tl0 VAN DRIEST
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53011201 COLES PROFILE TABULATION 19 POINTS, DELTA AT POINT 19

1 y PT2/P P/PD TO/TOD M/t1D U/UD T/70 RIIO/RHODiLJ/UD

I 0.0000"*00 1,0000"+00 NM 0.91627 0.00000 0.00000 4.70174 0.00000
2 4.4704"'-04 2.8424'tQ0 NM 0.94214 0.29470 0.55SR7 3.557q2 U.15624
3 5.1054'-04 3.1426"+00 rp 0.94460 0.31384 0.58255 3.44552 0.16907
4 U.0706''-04 3.5724"+60 W1 0.9ad03 0.33916 0.b1589 3.29760 0.16677
5 7.2644"-04 41.0961,4,00 N4M. 0.95171 0.367Q8 0.65063 3.13471 0.207154
c. 8.768Q"-04 4.6491"+00 Nim 0.95533 0.39b0(2 O.bA303 Z.Q7476 0.22961
7 1.0541*-03 S.P2658,+00 NM 0.9s872 0.42362 0.71202 2.6?505 0.25204
8 1.2700"-03 5.88110"+00 14M 0.96188 0.45041 0.73807 2.68S21 0.27487
9 1.5240'-03 6.2873"+00 rim. 0.96461 0.47503 0.76032 2.56184 0.2q679

10 i.eqo"-o03 7.074'A+00 NH 0.90715 0.49779 0.77953 2.05230 0.31785
1!. 2.22760-0 7.7459'+00 NM 0.96981 0.52335 0.79966 2.33'164 0.34252
12 3.2?15"-03 9.9461"+00 NO 0.97b96 0.'JQ354 0.89767 2.04060 0.41550
13 3.9679"-Ol 1.1441~0+0 rim 0.9A053 0.64220 0.87604 1.86082 0.4707a
14 4.795S"-03 1.3543+01. NO 0.96490 0.70111 0.90536 1.66752 0.59294
15 5.7861"-a23 1.621b"toI NM 0.98930 0.76944 0.93390 1.47318 0.b33ý94
16 7.0383"-03 2.00650+01 riM 0.99409 0.85838 0.96405 1.2613b 0.76430
17 6.5217"-03 ?.4978"+Ol Nim 0.99813 0.95017 0.98475 1.06285 0.91.309
18 1.055a"-02 2.6954"+01 rim 0.99993 0.9979s 0.q0956 1.003241 0.99633

D 19 I.259V-02 2.7063"+O1 NM 1.00000 1.00000 1.00000 1.00060 1.00000

INPUJT VARIADLES YfU/UD (ISOLNERGETIC)
A33UME PvPO, TWzTR, VAN DRILST

s3W130I COLES PROFILE TABULATION 17 POINTS, DELIA AT POINT 17

1 Y PY2/P P/PD TO /TO') 1i/lin U/Uo I/TO R14O/RI1DDW~/UC)

*1 0 .0000*+00 1I.0000"+00 N4M 0.9lb5b 0.00000 0.00090 4.b1525 0.00000
2 4.419b"-04 3.4425i"+00 rim 0.94736 0.334175 0.(,,751. 3.24359 O.18905
3 5.2070"-04 3.9082"+00 101' 0.95116 0.1640b 0.611390 3.12857 0.205A5
'I 6.1722*-04 4.57tblt00 riM 0.95505 0.39488 0.b7ql0 2.Q5e35 0.229458
5 7.36b0'-04 5.2600*00 rim 0.95904 0.42753 0i.7134. 21.784MP 11.2562()

*6 b.ag8o"04.I 6.9o6ob+no Nm 0.96318 0.46316 0.747441 2.6043b 0.01700
1 1.0643*-03 6.9934"+00 riM 0.96714 0.99923 0.77853 Z.41190 0.12013
a 1.2502"-03 7.968a"+00 NJM 0.97Q86 0.535'14 0,80W6 2ý.2971 0.3s5l,0
9 1.5342"-03 8.94261-00 14M 0.97411 0.569M 0.81047 2.1?812 0.39024
10 1.8502"-03 9.95I4*t00 NM 0.97715 0.6032b 0.8%21U 1.99541 0.42706
It 2.2377"-03 l.I3'45"+01 Nim 0.96062 0.60515 9.87bl9 1,544405 0.4750'4
12 2.7076"-03 1.31431+01 NM 0.98455 0.69789 0.90261) 1.07305 *35
13 3.2617'-03 1.5602"*O1 rim 0.98876 0.76216 0.93022 1.48964 0.62446
14 3.9776"-03 l.8981"sol NM 0.99321 0.84202 0.99847 1.29570 0.73971
is 4.4057"-03 2.?9668*O1 N4M 0.99720 0.9?817 0.9ttlio 1.12106 0.40761
16 5.?963'-03 2.5611"o01 NM 0.g9995 0.98507 0.1),672 1.0?379 0.97356

D 17 7 .04611'-03 2.6s85~ta1 !NM 1.00000 1.00000 1.00000 1.00000 1.00000

*INPUT VARIDAILES '1,U/IJD CISOENERGETIC)
ASSUME PwPD, TWURTR, VAN DRIEST

5S3011302 CLOLES PROFILE TABULATION k0 POINIS. DELTA AT POINT 20

*I y P72/P P/PD TO/TOO ri/il) LJ/lIi) I/ID R)40/PM0OD*U/UL)

1 0.0000"+00 l.0000"+00 ri" 0.91627 0.00000 0.00000 4.70011 0.00000
4 4.2415"-04 2.6565"+00 NM 0.94041 0.62125 0.53761 3o63069 0.14807
3 5.02924-04 2.9936"#.00 NO 0.94345 0.30458 0.51,973 3.49907 11.162A,'
4 S.9944"-04 3.9143*+00 NO 0.99664 0.33017 0.b0923 3.3'i921 0.18001
S 7.1682'-04 3.4956"t00 Nim 0.95036 0.35700 0.63801 3,19395 0.1497b
6 6.71??"-04 4,9317"tOO NH 0.95381 0.18455 0.67025 3.03709 0.?2063
7 1.0465".03 4.9900*0o NiM 0.95720 0.41110 0.69%10 2.89126 0.24183
& 1.262J4"-03 S.S668"*00 NM 0.96031 0.4309b 0.7PS18 2.15425 0.2#,310
9 1.51644-03 6.1128"+00 NtA 0.96298 0.09499 0.74686 2.63618i 0.26131

10 I.8364*-03 6.60S3"#00 NM 0.96543 0.48208 0.76635 2.52749 0.30325
10 2.2200"-OS 7.21161.0M NM 0.96800 0.50588 0.79bo0 2.111413 0.32559
12 2.6899*-03 8.I065*#00 fiM 0.97104 0.S3567 0.50879 2.27971 0.35478
13 3.2639"-03 9.Z1701+00 NfM 0.97464 0.57336 0.83495 2.12064 0.39372
14l 3.9599"-03 1.0685"40I Nim 0.97870 0.61972 0.06347 1.94106 0.49470
IS 4.78794-03 1.20631+01 NiM 0.9631g 0.07t?7 0.d9399 1.74WA8 0.s1299i
16 5.7105*-03 1 . 5 2 7 0 "t

0 1  
NIA 0196787 0.746t3 0.9241`1 I.sll3o8 0.602(12

11 1.0307*.03 l.6969"*01 NM 0.94290 0.83466 0.9s5667 1.31371 0.12821
IS 8.5141".03 2.36zo"+01 tim 0.99744 0.93322 0.98460 1.1131a 0.884%3
1') 1.0350"-02 1.6q42 '1. Ol NM 0.99993 0.94D795 0.9q956j 1.00324 0.99053

0 20 1.2556"-02 2.70S1*+0l NM 1.00000 1.000110 1.00000 1.00010 1.00000

INPUT VAPIADLE3 YsU/UD CI6OENERGETIC)
AOSUI'E P.00, TWRI~t, VAN DRIEST
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N: 1.7-2.5 5501
_. ... _R THETA X 10"3 : 6 - 21 _

TW / TR : 1.0

ZPC, - AW

Contlnuouc wind tunnel with fixed symmetrical interchangeable nozzles. W 0.48, H 0.7. L , 1.0 m.

0.18 < PO < 0.3 MN/m2 . TO : 340 K. Air. PE/m X 10"6 : 25.

SHUTTS W.H., HARTWIG W.H. and WEILER J.E., 1955. Final report on turbulent boundary layer and skin friction
measurements on a smooth, thermally insulated flat plate at supersonic speeds. I)RL 364.

1 The test boundary layer was formed on the upper surface of a flat plate model 0.482 m wide (spanninq the

tunnel) and 0.914 m long. The sharp leading edge (X 0 0) was chamfered at 6.70 on the underside. Provision
was made for eight instrument stations (d - 33.4 mm) in which bclances, traverse gear, or blanking plugs

could be placed. These were at 101.6 mm intervals along the centre line, the first being centred at
X - 147 mm. The surface was machined and polished so that irregularities were less then 2,5 pm. The surface

2 was not actively cooled, and was allowed to reach an equilibrium temperature during tests. Mach number

variation over the test region of the plate was up to 4 % in some cases, due to irregularity of the nozzle

3 walls or refluction of leading edge disturbances. For most tests a boundary layer trip consisting of a

2.54 mam wide band of No 100 Aloxite lrit was bonded to the plate transverse to the flow direction 23 mm
behind the leading edge. For profile 0401 there was no trip, while for series 02 a second trip, identical
to the first, was mounted 124 mm from the leading edge. Transition occured ahead of the first measuring

station "even for the smooth plate",

6 Static pressure was measured at 50.8 aw intervals on the centre line of the plate starting at X - 70.6 mmn.
The static pressure was measured in separate runs, with no traverse gear mounted. Wall shear stress was

measured, also in separate runs, using balances developed by Weiler & Hartwig (1952). The balance elements

7 were 25.4 mm in diameter. Pitot profiles were obtained with a CPP the tip of which consisted of tubing for

which di - 0.508, d2 - 0.254 mm. Over the first 0.508 nmn, the outer surface was ground down to meet the
inner diameter, providing a sharp lip. After about 15 (E] diameters, the fine tube was cranked up and held

in progressively larger sleeving tubes which were attached to a movable double wedge traverse strut, The
8 profile norndl was 55.3 mm ahead of the centre of the measuring station.

9 The authors have interpolated the static pressure readings to the positions of the profile measurements and

assumed that static pressure did not vary through the boundary layer, They reduced the profiles assuming
10 constant total temperature. No probe corrections were applied and viscosity was found from the Sutherland

11 formula.

12 The flat plate could be mounted at small angles of positive and negative incidence, so as to provide a
further small range of Mach number variation. The editors have presented only those measurements made at

zero incidence, half the total. When the plate was mounted at incidence, the leading edge disturbance was
relatively strong, and at M - 1,73 impinged on the plate about 2/3 of the way back from the leading edge,

giving rise to sharp variations in local Mach number etc. The editors have interpolated the CF values to

the X values of the profiles. The author's assumption of isoenergetic flow has been replaced by the
13 Crocco / Van Driest temperature velocity correlation. The profiles presented were measured at a near

constant unit Reynolds' number. The series are distinguished by Mach number and tripping arrangements.
Those profiles indicated by a star were obtained with extra screens in the settling chamber, The series are:

at M - 1.73 - series 01 - one trip

M - 2.00 02 - two trips

03 - one trip
04 - no trips

M • 2.23 05 - one trip
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M - 2.5 - series 06 - one trip

0602 +/3+ with extra screens.

14 An interpolated CF value is given for each profile, but the values for, 0602+/3+ were measured without the

extra screens.

§ DATA: 5501 0101-0604. Pitot profiles. NX - 3-5. CF measured by an FEB separately.

15 Editor.s' coements

The entry describes an early. and much quoted, set rf systematic flat plate measurements, The authors made
a careful investigation of the inaccuracies arising from misalignment of the floating elements, and compared
several balances with each other. The authovs state that the measured CF values are, on average, 6 - 9 %
lost than the "theoretical" pr.,diction of Fenter (1955). Our log-law plots show that the CF values are low,

as compared to Van Driest values, for about half the measured profiles.

The profiles contain relatively few data-points, and In only one case do measurements extend within the

momentum-deficit peak. Profiles 0401/0602/0602/0604 show marked disturbances in the inner region, while

the outer region of 0301 seems irregular.

The tests should be compared with the roughly contemporary work of Colas - CAT 5301 and the later work of
Mabey at &l. - CAT 7402 and Hastings & Sawyer - CAT 7006.
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CAT 55I SHUTTS hi /1. UOUtODAf1Y CONoITIONJS AND CVALUAYEU DATA. S1 UNITS.

RU:J.4L * TdI/TQ* REUVI CF * H12 :1K Ph PO
X * PODk Pi/Pfl* RErD2 Cc HiS? 132K !w TD
RZ Tvon' SW• * 1) PIi!* H42 Dd.K Un TR

5.010101 1.7240 1.6000 1.?224•03 2.2000"-03 2.6771.) 1 . 50( 3.6bbO"+04 3.3608"+04
1.9303"-0o 1 A737"*01 .1.onn0 5.q9178:+03 'mq 8.109O 1.8002 3.2lio1•q[02 2.1232"+02
INFT iTTr 3.$153"f02 0.')O9 2.7512"-01 0.000n"+00 0.0702 3.2397"-_ o 5.u3h +O0 3o2511i"+02

55010,12 1.8020 1.0000 8.7071"+03 1.9600"-03 2.6812 1.3614 3.3074"0+4 3.3070"÷.0L
3.962'4-,1 1.9062"o05 1.00o10 1.2554"+00 Nm 1.8068 1.7987 3.24l67"?42 2.0524"+02
INFINITT 3. 853"*02 0.0000 J.A9•3•-04 0.000"+00 0.074V 7.058"'-04 5.17b00+()2 3.2o67"+0?

55010103 1.7260 1.0000 1.4276b+04 1.7800"-03 2.5051 1.3096 3.7224"+94 3.7?29"÷00
B.02a63*-0 1.9t1.+Os 1.0000 2.0055"+04 NM i.olA0 1.0|13 S.?53q"+02 2.1214"+02
INFINIlr 3.353"+02 0.0000 9.1313"-04 0.0000*400 0.070b 1.0700"-03 5.0403"1o0 3.2539*+02

55010201 7.0.'0 1.0000 3.M713'+03 1.94001-03 3.2033 1.45q8 2.q013"404 2.9013"+04
I.q303"-01 2.3529"*05 1.0000 6.0357"+03 Nm 1.8128 1.8046 1.2?b69*02 1.8f16"*02
1NFINlIT 3.d53"+02 0.00no R.5230b-04 0.0000"+00 0.0809 3.1135V,-0 5.5341"+02 3.22W9"+02

5501050u 2.0360 1.0000 1.0007'.04 1.7400"-03 2.*92g 1.3294 2.8730"+04 2.8730"+04
S.9945"-01 2.3774"+05 1.0000 1.63oa"+0410 I.B230 1.8105 3.2257"#02 1.8So0"0o2
INFPhJTr 3.3853"+02 0.0000 6.7857"-00 0.00uo0"+00 11.08)o0 8.3631"-04 5.5536"+U2 3.2257"+02

55010204 2.0200 1.0000 1.3607"+04 I.56000-03 2.9129 1.2899 2.947".09 2.9447"+04
8.02hi"-0l 2.3769"O05 1.0000 2.I1Q2",04 NM 1.8322 1.8251 3.22T1.,2 1.86U17'#02
IIJFINTYF 3.313%3"'12 0.00O0 8.75804-04 0.0000•*00 0.056 1.0683"-03 S.5290+402 3.2271"+02

55010301 2.017u t1000U 3.8671|"03 2.03004-03 3.1431 1.1683 2.9412"4U 2.9412"-00
1.9303'-01 2.lu30'+05 1.0000 6.0139"+03 Nm 1.8125 1.8033 3.2274"#02 1.8666"+02
INFI•TIE 3.3853"+02 0.0000 2.0970-04 0.01000.00 0o.08U 3.09814'-0 5.5251"402 3.2270"*02

55010300 1.996b 1.0000 1.U1170+03 1.7qoo"-03 Z.9777 1.3685 3.o%07"+o0 1.0SO"Uo4
3.9b21"-01 2.3722"+0S 1.0000 1.11980"*04 :lM 1.0230 1.615t 1.2292"402 1.8641"+02
1NFTIJTYF 3.3053"*02 0.0000 4.a979'-04 0.000vot00 0.0841 5.50931-04 5.4031'+02 3.d?92".02

5501050i 2.0000 1.0000 1.2138"+04 .6400*-03 2,Q280 1.3219 3.0071"+04 3.0071'+04
8.0263'-0l 2.35291#05 1.0000 1.8767.0+0 lim 1.8206 1.8123 3.22801+02 1.8807"+02
INF1NTr 3.$853"4112 0.0000 7.7649"-04 0.0000"+00 0.0842 q.5332'-04 5.0993"+02 3.2289"+02

55010401 ?.0050 1.0000 8.1812,t03 1.5200"-03 ?,4018 1.315b ?.9760"+04 2.97b0"i00
3.9620"-QI .3068"t05 1.0000 1.2672"+04 NM 1.8338 1.825% 3.2280"÷02 l.8766"+02
INFINITE 3.3893"*02 0.0000 5.2687"-04 0.0000"+00 0.0850 o.3937"-04 5.S064+02 3.22840"02

55010501 2.2090 1.0000 3.%727*+03 1.9600"-03 3.5022 1.4319 Z.2292"+04 2.2?92"+00
1.9303m-QI 2.5737+05 1.0000 6.0529"*03 14M 1.8174 1.8105 3.2083"+02 1.6129"#02
INFIN!Tr 3.3853"*02 0.0000 2.58t0"-04 0.0000"+00 0.09s1 3.3434"-0Q 5.8496"+02 3.2063"+0?

55010502 2.2420 1.0000 4.8797".+03 1.1800"-.3 3.4355 1.3936 a.2.35"*0 2.2345"+04
2.9065*-0l 2.s55o"+05 1.0000 6.2457"+03 im 1.8187 1.6094 3.2089"+02 I.6Na8a*02
INFINTC 3.3d53'02 0.o0000 3.5338"-04 0.0000"+00 0.0908 4.5577"-04 5%8406*+02 3.•088"+0?

55010500 2.2360 1.0000 b.4676"+03 1.6800"-03 3.3771 1.3583 a.2511".04 2.2st1"+04
3.9620'-0O 2.%46b"405 1.0000 1.09W+04 1•M 1.8194 1.8091 3.2093"+02 j.b927"*0?
ZNFIN11I 3.3053u+02 0.0000 o.bse85"-8o 0.0000"+00 0.0906 6.0003"-04 5.8328"+02 3.2093"+02

55030504 2.2440 1.0000 1.2209"*0, 1.6?300-03 3.3542 1.3268 2..142'i+0 2.2102"+U4
8.0?2W3'-o 2.53604+05 1.0000 2.0747"+04 414 1.8139 1.8010 3.2087"+02 1.b0b?7"02
INFINITE .30851"+02 7 0.0000 8.0750b-04 0.0000"+00 0.0907 1.1618'-03 5.8632"+02 3.Z087"+02

55010b01 2.5020 1.0000 3.2706"+03 1.o50"o-03 4.137% 1.5177 1.6538"'0M l.bR38"+04
1.9303"-01 2.8LS9"O05 1.0000 6.1082"+03 NfA 1.786d 1.7629 3.1896'+02 1.5033"+0?
itoFvtIrr 3.3853"e02 0.0000 2.6505*-04 0.0000"+00 0.1033 3.7256"-04 6.1505'402 3.1896*+U?

55010602 2.5330 1.0000 4.9439"+03 1.6100o-03 3.q018 1.33ob 1.5999O+04 t.,bqq"÷+0
3.9624!-01 2.8774"+05 1.0000 9.3263"+03 NM 1.8328 1.8227 3.1675"+02 1.4827*+02
INFINTIF 3.30531+02 0.0000 4.12b,•'-04 0.0000"000 0.107L 5.5464"-04 b.18604+02 3.1875"+02

55010b02* 2.5|0 1.n0000 I.8131"+03 1.b6000-03 3.9010 1.3552 1.5616'+04 1.5636'+04
3.9620'-01 2.7311"#05 1.0000 9.0174"t0S NM 1.865b 1.8144 3.1887"+02 1.4946%+02
INFINITI S.S05M"tU2 0.0000 4.16351-04 0.0000"+00 0.10b0 5.6277"-00 6.1647"+U2 3.1887"+02

55010601* 2.4160 1.0000 4.AO6o"+03 I.500"-03 3.6614 1.3706 1.8360"404 1.8360"+0o
5.9945"-01 2.750'005 1.0000 1.6033N+04 lim 2.819 1.8090 3.1957"402 1.5619"*02

FINIhE 3.$385P#02 0.0000 6,4690,-04 0.0000"f00 0.1019 9.2982*-04 6.0539"+02 3.1957"+02

5S010604 2.14510 1.0000 1.0348'+04 1.5600"-03 3.6873 1.2963 1.0165"404 1.8165'+,04
8.0?63'-01 2.8757"+05 1.0000 1.8920"+04 NIA 1.8310 1.8196 3.1932"*02 1.5378"#02
INF'INITE 3.3853*+02 0.0000 A.01'79"-04 0.0000"+00 0.1039 1.061"-03 b.0939"402 .032"40?



S5010501 SlIUTT3 /14 "d PROFILE YASULATION 17 POINTS, DELTA AT POINT 17

I y P121P P/PD TO/TOD 44/MD U/UD I/Tn RHO/RHOD*U/UD

I u.00001+00 l.n0000+GO Wl 0.914770 0.00000 0.00000 1.90619 0.00000
2 l.Zabo"-0.4 2.457l4-+00 :1M. n.97077 0.544113 O.ulh419 1.5065.4 0.44087
3 ?..?q4O'-0".4 ?.5021-+00 14M 0.97122 0.544780 U.07063 1.49874 0.4474b.
4 3.3274-~-04 2.bslb.IW 144 0.97297 0.57359 O.b9508 1.4b848 0.47331
s. o.3do*-014 2.77) N' M 0.973111 0.$856014 0 .70 b61 1.4453A3 0.48604

7 .8126'-0o4 1.4W N4 0.977q$ 0 .4047 0 0.7609b 1.38155 0.55079

9 59.860"-V4I 3.0716- elk, 0.97614 0.06756 0.80558 1.307I9 U.61112

to .2446"'-a5 U.1316o')' % 1 0.98462 0.714M5 0.84018 1.abb~b 0.66336
It 16.~0 4.3999*,00 1414 0.98639 Q.77368 0.86010 1.23567 0.695914
14 2.0066"-03 5.3183"+00 ;i~' 0.99190 0.66083 0.91920 1.1140142 0.80609
Is 1.3651"-03 *.005i*to0 Ny 0.9954a 0.92041 0.9%559 t.07037 0.88633
14 2.76W1-03 6.50'40"#00 (44 0.99754 O.9o132 0.97914 1.037a2 0.914342
Is 3.4OI01-03 6.9730"4tUO rIp 0.99oqo 0.90522 o.999o7 1.00169 0.99738
lb 4.0166-03 6.9961"i00 ri" 1.00000 1.000(10 1.900000 1.00000 1.00000

0 17 14.0bi6-03 6.14961,400 rim 1.00000 1.00000 1.00000 1.00000 1.00000

IN4PUT VA14IA3LLS. y , 4 A3SUME PwPD A,'lfl VAN nHILST

'0500I ME SHUITS /H4 /W~ PR(IFILE TAIIULATOAnt to POINYS, DELIA AT POINT It.

I y PT,'/P P/pD TO/YOO MI/MI LOUD ITO'Y NIO/RH4O'*U/UID

1 O.0000 . 00 I.O000:+00 NM 0.414786 0.00000 0.00000 1.90076 0.0000')
.. ..20bo .. 04 2.53814 +O Nm 0.97175 0.55ga1. 0.6,1686 1.468809 0.145485
3 3.0226*-014 Z.68W06'0 ;41 0.97313 0.57SIS 0.64602 1.46414 9.47550
14 .1.6100'-014 1.9l145"+00 :1IA 0.974137 Q.59367 0.71308 1.1442714 0.149425
5 5.36146".014 2.97a9*+00 14M 0.97579 O.61463 0.71195 1.141018 0.51612
a 7.3bblj0~04 3.13400+50 UJM 0.97719 0.b3515 0.74995 1.39416 0.53792
7 9.9314"-014 3.14bb6500 Jim4 0.979q0 0.67$29 0.74384 1.30733 0.56177
a 1.21421"-03 3,70145-100n 111 0.98112 0.70250 0.00563 1.31583 ,O1b24I
9 1.6281".03 14..4465"+O0 11M 0.961485 0.75022 0.04256 1.26131 0.66801
ID 2.150I".43 4I.6101"400 Nm' 0.98791 0.7970b 0.87635 1.20844 U.721491
10 2.173?"-03 5.16?9"$00 rim 0.99231 0.86753 0.923314 1.13291 0.81509
12 3.14016*-03 6.65jl( M 0.995Q14 0.92519 0.96023 1.07023 0.69722
13 14.01437*-03 6.6209"+00 .4M 0.q9854 0.97368 0.98589q 1.02S21 0.96163
14 5.3111*-03 6.94422"+00 rim 0.999q5 0.999t1 0.999S3 1.00085 0.q08b9
15 b.5766."03 6.95%704040 WA 1.00000 1.00000 1.00000 I.00000 1.009000

D 1o I.814S6"-U3 b.9~5f7*+`0 N4M 1.00000 1.00000 1.00000 1.001000 1.00000

INJPUT VARIAIILL3 Yom4 ASSUME PsPD AM4 VAN DRIEST

55010503l SulUlT /H4 M~ PROFILE TA8ULATIOfl lb POINTS, DELTA Al POaINT 16

1 v T2/P P/I'D To/TOD 14/flu U/U0 TMl RHO/RiIODAU/UDj 0.OOOO"+OO 1.00100'00 Nim 0.94800 0.00000 0.00000 1.89595 0000

11 S.2660"-Oa 2.361w0S~0 N
t
it u.97915 0.53041 0.89527 1.171426 0.461043

3 2 .79,409-03 2.96?8'$0U Nim 0,97959 0.92213 0.96619 1.47606 0.888993
IS 3.8354"-04 26.71314'0 N~M 0.99910 0.852143 0.90925 1.403144 0.497814
11 b.3056"-04 2,907114400 rim 0.97919 0.996b6 0.70590 1.00917 0.99899
15 7.8740'-04 3.9024b*00 riM 0.97b05 0.62299 0.73891 1.400677 0.521125

011 1.0323P-03 6.92l31*00 Jim1 1,00.9990. 52006001.0000 1.000020 .00430

INPUT VARIAOLLS v m AS3UMEC PsP0 AND VAN DRIEST



5 50 1 -C-2

55010504 SHU'TTS /H /AJ PROFILE TAFIULATION 25 POINTS, DELTA AT Pupl 2 '4

I yPTP/P V / PD TO/TOn I/.if) U/U() T/ T r R H 1)/ 14.10 u /U 1

1 0.0000"+030 I. 1000"+00 tit 0.94782 0.00000 0.00000 1 .90217 fl.0oI40
2 2.2860-04- "' i 74"tOO p

4
w 0.96724 0. 48 7952 U0.61017 1.56641 0.38953

3 2,7940"-04J ip.I2O+00"i NO 0.96727 0.411797 0.610b" 0.56591 0.38995
4 3.27(o"-U10 2.I1jP3"*O0( WA1 0.96719 0.48663 0.o09as 1.56743 0.388t`9

S 43IIl-~' 2l13~I0 4~ 0.96719 0.486 0. 60925 1 .5b743 0.38869

64; 0.54~0 742"' ' .96714) 0.148663 600~25 1.b6741 0.38z84.;
7 o.10326:-011 2:31077'0 +Ou 4 0:19693Q 0513016 .O't4221 1.51070 0:,41969
a 5.16204-04 2.92bl"to0 lip, 0.971SO 0.S92%8 0.07404 1.,491442 U.452416
9 1.041Q'-03s 2.87764"010 !,. 0.97490 0.b0160 u.72043 1. 43401 0).50238

to 1.2U211-03 2013444"+0J 14M~ 0.97451 0.s9584 0.71518 1.44081 0.49637
1I 1.49ub"-Q3 3.0591"#00l til" 0.9765O 0.4,2522 0.741141 1.40631 0,5P722
le 1.7526"-03 3.?937"+O lit, 0.971347 0.69419 0.76637 1.37J36 0.S58o3
13 1.1300'-03 3.'4206"tOD 14P' 0,97949 0.66914 U.77906 1.35470 0.57508
14 '2.51.40-03 1.15589.+00 1v (4.98057 0.b6538 0.19221 1.33604 0.59296
15 3. 149b"-03 3.8293"#10 NM9 0 .925* 0. 71"69 0.81033 1.30101 0.b2745
lu S.7864ibpla 44.0911"+0O lit, 0.98445 0.74376 0.831783 1.26895 0.bbO2b
17 4.4176"-03 44.3bBO"000 fill 0.98b31 0.77228 0.858115 1.23676 0.694d4
40 5.6571"-13 4.4.740"tO0 lit' 0.941997 0.44717s 0.89341 1.1AM0 0.75581
19 0.6 1-03 S.19.18too 144 0.992u3 0.36'743 0.97480 1.11094 04.8175S
20 432296"-03 5.8996"+nO F&4 U.99508 U.91355 U.9%165 1.0851% 0.87697
21 1.0767"-U? 6.72PM'900 NO 0.99894 0.950444 0.95979 1.01833 0.97191
2d 1.3110"-02 6.93?7'#n0 h"~ 0.9Q9815 0.99733 0.99059 1.00254 0.99600
23 1 .5852" -U2 6.9500"t00 14" O*99993 0.99466 0.9910O (1.0 1? I 0.99803

0 24 1.539n"-02 6.q6721+0(1 N1% 1.04000 1.00000 1.00000 1.00000 1.00000
25 2.0932".02 6.961'5"fuo MM 0.99998 U.99955 0.9Q977 1.0004R 0.49934

INPUT VA9IAaLLS Y,'4 AS0UL4 PvPI1 AND VAN D3441ET

55010602 SiIUTY3 /H4 M1 PROFILE TAOULATION 214 PO*.NTS# DELTA AT P4.,NT Z0

I y PU2P P/PD TO/TOD li/ID'l U/Ut) T/T11 RHO/RHflokU/U(4

1 0.0000"+00 1000UI0"+00 fill 0.94155 0.00000 0.00000 2.14976 0.Q0000
41 2.281.00-04 2.79451+00 Jim' 0.96770 0.S2310 0.66893 1.63529 0.40906

3 2.15400".04 2.68245"*OU 1,11 0.96797 0.52665 0.07237 1.62997 0.412$L
4 3.0460'-04 2.9798*+00 tilt 0.96936 0.S4481 0.68973 1.60278 04.43033
5 4.0386"-04 3,2660.+00 1`41 0.77179 0.57079 0.71924 1.55498 0.462$4

6 .0800"-04 3.4588'+00 Nim 0.97331 0.59692 0.73714 1.52500 0.48331
7 6.0700'-0'4 3.5741is4440 N4 0.97420 0.60876 0.74743 1.5074!1 0.995ma
0 7.4200*-04 3.6371"+00 4J4m 0.97468 0.61508 0.752611 1.49811 0.50251
9 .14S40"-04 3.8620"+00 N.4 0.97633 0.63719 0.77139 1.46560 0.52631

t0 1.06641-03 4.048U"'poo lM 0.97765 0.654495 U.78S511 1.43969 0.544585
11 .3208"-u3 4.2152'400 141A 0.97878 0.67035 0.74809 1.41742 0.56306
12 2.'574$"-03 O.569a~too 144 0.98107 0.70193 0.8U229 1.37213 0.59499
11 .5263"-0l1 4.8131"f00 rim 0.9912S7 0.7226 0.83769 1.34ý'95 0.62377
14 2.2193'-03 5.21449"+OU I

4
lk 0.984$19 0.75602 0.abl08 1.29779j 0.66378

0 J191"0 6.93"0 N%;j:'~ 0::.98943 0.835~3 U.905~093 1.20784~ 0.74930I
117 JT A41`96"-O3 YN "+o A5U4 EtNIA VAN 16 0.DRICOTsO 1.604 0794



5502-A-I

rough M,:2 5502
P THETA X 10- 3 : 11 - 40

TW / TR : 1.0 ZPG (ROUGH)
AW

Continuous wind tunnel with fixed symmetrical nozzles, W - 0.48, H - 0.70, L - 1.0 m.
0.1B ': PO < 0.3 MN/m 2 . TO : 340 K. Air. RE/m X 10'6 : 25.

SHUTTS W.H. and FENTER F.W., 1955. Turbulent boundary layer and skin friction measurements on an
artificially roughened, thenrally insulated flat plate at supersonic speeds. ORt 366.

I- The experimental arrangements are as for the previous entry, Shutts, Hartwig and Weiler, CAT 5501, in every
to respect save that the surface of the plate and the floating elements of the shear stress balance was given

-11 a coating of grinding compound grit. Small wires were inserted in the static holes during the coating so
as to keep them clear, The balance annuli were cleared, and kept clear, with a thin-walled steel tube.
The tests reported here used Aloxita grit of 120 and 180 grain, The corresponding mean particle diameters
are 162 and 109 Wm respectively (the particles are in fact very irregular In shape). The coatinc was
made by spraying the grit into a bonding layer until no more would adhere. The plate was then cured at
about 320 K for three hours. "This procedure gave excellent results both from the standpoint of bonding

and uniformity".

8 The coordinate Y is measured from the mean top of the roughness, a slip gauge being rested on the surface
g and contact with the probe found electrically. The static pressure through the boundary layer was assumed
11 constant, and Sutherland's viscosity law was used. The authors' assumption of isoenergetic flow has been
12 replaced by the Crocco / Van Driest temperature-velocity correlation. Additional tests were made at boundary

layer edge Mach numbers of 1.62, 1.66. 1.73, 2.10, 2,18 and 2.33 with roughnesses of mean diameter 54 and
141 urm, but since no balance readings were taken in conjunction with these tests, they are not presented
here. ror the M - 2 series, the editors have interpolated the reported CF values to X-stations corresponding

13 to the velocity profiles. The profiles consist of two sets at a common unit Reynolds number, one for each
of the roughness sizes. Series 01 describes the boundary layer with mean roughness diameter of 109 Wm, while
series 02 describes the 162 vim diameter case, There are, additionally, two profiles, 0301 and 0401, for the

14 162 um roughness in which the unit Reynolds number has been perturbed by changing the reservoir conditions.
CF values are given only for the series 01 and 02.

§ bATA: 5602 0101-0401. Pitot profiles. NX - 5. CF measured with an FEB separately. Roughened surface,

15 Editors' comments

The entry describes one of the very few available experiments in which a boundary layer has developed over a
uniformly rough surface. Other relevant tests, also made at the DRI., are those of Fenter I Lyons - CAT 58004
and Young - CAI 6506. A general description of the programe to 1969 is given by Fenter (1960).

The profiles are described In moderate detail, and in most cases maesurewnts extended within the moentum
deficit peak. The authors comment that "considerable scatter exists in the akin friction data for rough
surfaces. This scatter may be attributed to experimental difficulties- for example, there was a tendency
for loosened roughness particles to foul the narrow gaps which surround the floating discs of the skin
friction balances.u The original paper contains a further 76 profiles without associated CF' values.

"1I



5502-B-I

CAT 5501 SHUTT$ IFEIJTER BOUNDARY CONDITTIOI3 AND EVALUATED DATA. 31 UNITS.

RUN MO * TW/TRk RED2W CF * Hia 40iK PW PO
X * POD* Pli/,/]* R0E2D C9 H32 1032K TM TD
RZ TOO* sil * n2 P12* 4 42 02K Ub TR

55020101 2.0220 1.0000 1.0533"'to 0.2100"-03 3.1490 1.4397 2.9192"+04 2.9192-04
2.9474"-01 2.3637't05 1.0000 1.6416"+04 :4r' 1. 7489 1.7542 3.2270"40Z 1.8624"+02
INFINITE 3.3853'402 0.0000 6.6207"-04 0.00000+00 0.0b•28 .7791"-04 5.5326"s02 3.2270"+u2

55020102 J.qq6o 1.0000 1.37190+04 3.o000"-03 3.0788 1.4151 3.0311"+04 3.0311".00
3.962'"-0i 2.3569*405 1.0000 2.118+•÷04 NM 1.7646 1.7568 3.9?92"+02 1.8841"+02
INFINITE 3.36531"02 0.0000 8.V226--0 0.0000*+00 0.0810 1.1166l'03 5.4931"+02 3.2292"+02

55020103 2,0130 1.0000 1.689".+O0 2.87000-03 3.1190 1.4280 2.9816"+04 2.9816"+04
4.97740-01 2.3806"+05 1.0000 2.62390+04 N 1.7678 1.7529 3.2277?02 1.6699"+02
INFINITE 3.3853W+02 0.0000 1.0780*-03 0.0000'+00 0.0823 1.3851"-03 5.50q0"+02 3.277"+02

S%0201044 1.0290 1.0000 1.9144"i.04 2.7800"-03 3.1174 1.4076 2.9703"+40 2.9703*0+0
5.9*sqv-01 ?.43140+05 1.0000 2.9911"+64 ;m 1.7716 1.7573 3.22631+02 1.8566"402
INFINITE 3.3853"+02 0.0000 1.2121*-03 0.01000+00 0.0632 I.5S9"-03 5.54314+02 3.2263"#02

5502010s 2.0110 1.0000 2.21000+)0 2.7000"-03 3.0657 1.3924 3.0505"+04 3.050SQ+o0
7.01040-0l 2.4280405 0 I.000 3.4312104 ip 1.7708 1.7611 3.227q"+02 1.87160+02
INFINITE 3.38530+02 0.0000 t.3510"-03 0.0000÷+00 0,0525 1.7650'-03 5.51Wb+02 3.2279"+02

55020201 2.Olig 1.0000 8.?365"90S 4.1600*-05 3.2068 1.4890 2.96114+04 2.96111#04
1.9V146-11 2.35690+05 1.0000 1.3562'0#0 Nm 1.7551 1.7412 3.2279+02 1.8716,tD2
INFINITE 3.3B534+02 0.0000 S.6220"-04 0.0000..o0 0.0816 7.3067"-04 5.5160"+02 3.2279"#02

5S020202 2.0020 1.0000 1.4926"*04 3.4200"-03 3.064b 1.4034 3.0115"*04 3.0115"+00
3.9624"-01 2.3637"tOS 1.0000 2.30

9
2O+4 NIM 1.7765 1.7636 3.2287"#0? 1.8?79t#02

INFINITE 3.30531t02 0.0000 9.5075*-04 0.0000"#00 0.022 1.2117"-03 S.SO3"÷02 3.2287pt02

50202o03 2.0260 1.0000 2.o04Sl*04 3.0000*-03 3.0532 X.3675 2.9011"o+ 2.9011*404
5.9140-0I 2.36370#05 1.0000 3,0929+04 14M 1.784b 1.7725 3.2266"402 1.1191"02
INFINITE 3.3S30t62 0.0000 1.3291"-03 0.0000"400 0.0837 1.6916"-03 5.5386'+02 3.22W6"2

55020204 .01so 1.0000 2.625'.00 2.6?00"-03 3.0320 1.3646 2.9510"+i0 2,95I2P00
6402540-01 2.1007'+OS 1.0000 4.17688400 .4M 1.7632 1.7710 3.zatbw402 1.86620+02
INFINITE 3.36531,02 0.0000 1.6885*-03 0.00000+00 0.0831 2.L463"-03 5.5221"U2 3.2?76"402

5020301 2.0200 1.0000 9.|715 03 Pm 3.1774 1.4623 3.i759"+04 3.L?59"+04
l.9294"-0t 2.16351+05 1.0000 1.0356"M04 4M 1.192 1.7%68 3.068?"402 1.7723"+02
INFINITE 3.218,1"02 0.0000 5.12970-04 0.0000

4
+00 0.0827 b.604?4-00 5.3918"÷02 3.0662"+0?

55020401 1.02•0 t.0000 O.90TS•*03 rim 3.1o68 1.0508 2.7306*+04 2.730h0+04
1.9294001 .l82e405 1.0000 1.0710t04 rPA 1.7759 1.7638 3.3609s*02 1.9406"+02
INFINITE 3.931't+0 0.4000 5.0322'-04 0.00004+00 0.0833 6.4%57*0dl S.65615"i0 3.3695"+Q?

.7



5502-C-I

55020101 S3UTT3 /FENTER PROFILE TABULATION 22 POINTS# DELTA AT PUINT 22

1 y PT2/P P/PD TO/TOD MI/140 U/UD T/YD RHO/RrHOO*U/UD

I O.000O".OO 1.0000"+00 JiM 0.95322 o.u0000 0.0nOo 1.73266 0.00000
2 2.2860"-04 1.5615"+00 UM 0.96522 0.40752 0.50649 1.5•071 0.327M9
3 4.7432"-04 1.60q5"+00 NM 0.96592 0.42097 0.52120 1.53363 0.33985
4 3.2512"-Oq I.6qqQ"+00 14M 0.96729 0.446o9 0.54059 1.51218 0.3627o
5 .B862"-04 1.8037"+00 Jim 0.968114 0.47379 0.57793 1.487q4 0.30'41
6 4.8006"-04 1.8770"50 Jim 0.96983 0.4ql0 0.59592 1.47247 0.40471
7 5.7912"-04 1.9656"+00 tN4 0.97095 0.51039 0.o15b9 1.(.5n17 0.42313
8 7.0612"-04 2.0373".00 NM 0.97182 0.52522 0.63050 1.144135 0.4374b
9 7.9Za8"-o0 2.07C4"+00 1M 0.97231 0.53363 0.63892 1.43357 0.44569

10 9.3472"-04 2.510"DO00 NM 0.97314 0.547408 0.65255 1.4206b 0.05932
It 1.0439"-03 2.2716"+00 NM 0.97447 0.56973 U.67T0b 1.39977 0.48155
Ii 1.1633"-03 2.3S57"+00 Nim 0.97537 0.5W7 0.68814 1.38572 0.495q9
Is 11.44W2-03 2.4931•+00 Nm 0.97078 0.b0781 0.70976 1.36358 0.52051
14 1.6739"-03 2.6374"+00 Nim 0.97821 0.03106 0.73016 1.34130 0.544Aq
i5 2.10895-03 2.9183"+00 Nim 0.98082 0.67359 0.76812 1.30038 0.59069
16 2.6975"-03 3.22zs'+O0 rim 0.98343 0.71012 0.803b7 1.25945 0.b3811
17 3.2131"-03 3.S3tb'÷+0 NM 0.98597 0.7576? 0.83676 1.21968 0.68605
18 5.7175"-03 5.07879"+00 NM 0.99631 0.93323 0.95979 1.05773 0.90741
19 6.99,10-03 S.174?924+0 NM 0.99q09 0.98318 0.99009 1.01430 0.97423
20 8.2677"-03 5.7I75"+00 NM 0.99981 0.996su 0.9q800 1.00293 0.99508
21 9.5177"-03 5.7330"+00 rim 0.99989 0.99802 0.998mb 1.00167 0.qQ719

0 22 1.0615"-02 5.7537"t00 riM 1.00000 1.00000 1.00000 1.00010 1.00000

INPUT VAPIAIILE3 Y,14 A3MUHE PuPO ANI VAN DRIEST

55020103 SIIUTTO /P£NTER PROFILE TABULATINfl 22 POINTS, DELTA AT POINT 22

I y PT2,P P/PO TO/TOD M/MO U/UO T/TO HIHO/RIODAU/UD

I 0.0000"'00 1.00000+00 1NM 0.95304 0.00000 0.00000 1.72615 0.00000
2 2.47860*-04 1.42670400 iNm 0.96312 0.36314 0.45570 I.57s30 0.28933
3 2.8190a-04 1.45230#00 1NM4 0.963ss 0.$7258 0.'bb53 1.S6809 0.29753
4 5.4036"-04 1.47324#00 liM 0.96395 0.35003 0.41501 1.56231 U.30404
5 1.5354'-04 1.51530+00 4M 0.96488 0.39444 0.49122 1.55043 0.11672
a 4.9022"-04 1.6241"+00 Nti 0.96045 0.42822 0.52852 1.52311 O.abq. 5
7 5.6642"-04 1.70Q2*+00 N14 0.96766 0.45057 0.!1s2•6 1.50U38 0.36735
8 T.0101-.04 1.89600*00 NM 0,196924 0.47889 0.58254 1.47973 0.39368
9 7.9715"-04 1.8796'#00 NM 0.97009 u.49179 v.50798 1.LbbsO 0.40776

t0 1.03L2"-03 a200o1tIO0 NM 0.97162 0.52012 0.6247' 1.44/7" 0.43302
11 1.292q"-03 2.14844+00 NiM 0.97334 0.54943 0.61375 1.411510 0.116175
12 A.b027*-03 2.2884"00 NiM 0.97486 0.57476 0.67017 1,39pin 0.48713
13 |.7958"-03 2.36141+00 rim 0.97566 0.58818 0.49045 1.37q58 0.5007?
14 4.3355"-03 3.29371"00 NM 0.98428 0.72926 0.81379 1.24526 0.05,51
Is 5.59506-01 3.76050+00 Nim 0.91742 0.78937 0.88053 1.18843 U.12409
I 8.0865h-03 4.2066"+00 NIp U.99109 0.89252 0.09919 1.13903 0.78';OS
17 6.1356"-03 4.68794+00 rM 0.49421 0.8961? 0.93576 1.09030 u.,582b
Is 1.409s"0-3 S.t224•"00 WA 0.99680 0.94188 0.90507 1.04q95 0.91925
19 1.0676"-00 9.4sa9'+O0 NM 0.9986$ 0.97516 0.98538 1.02107 0.96505
10 1.19'46'-02 5.6190+110 NM 0.99952 0.99106 0.99479 1.00755 0.98734
21 1.3216"-02 5.6763"+00 NM 0.99984 0.9`102 0.99827 1.00251 0.99s77

0 22 1.4113-02 5.70720+00 NM 1.00000 1.00000 1.0n0oo 1.00000 1.00000

INPUT VARIABLELS YM ASSUME PpPD AND VAN DRHIST

S502001 314UTTS /FLNTER PROFILE TABULATION 2a POINTSo DELTA At POINT 28

1 f P72/P P/PO TO/TOO M/0D U/UD T/TI 4HU/RIlcuAU/UO

I oJ000"÷00 A.0000"010 14" 0.95350 0.00000 0.0000a 1.7201 0.00000
2 2.'jýUv'-gq 1.45644o00 NM 0.96370 0.37044 0.*i85%, 1.5656. 0.29925
5 2.6674'•Q4 I.5034*'00 NM 0.96453 0.39083 O.4M7nf4 L.SS80 0.3136b
4 .152750+-04 l |'.00 Jdm 0.96535 0.406%7 0.50479 1.')4041 0.32177
5 4.1910"-04 X.5988"÷00 NM 0.96610 0.4all 0.520b7 1.5824 0.34070
6 4.8Z•0.0A 1.64186+00 NM 0.96682 0.43461 0.53530 1.51l70 0.35286
1 5.4ao0'-O I.69.it".00 tiI 0.96755 0.4804 0.5/4977 1.50567 0.34#513
& 9.7310*-04 1.7511'1"0 rim 0.96840 0.46345 0.56617 1.49240 11.37931
9 7.0.56-04 1.k390÷00u lip 0.96961 0.481483 0.58054 1.4136b 0.39939

10 9.57564-04 1.91.I"lO0 NM U.97066 0.50323 0.607'9 1.45726 0.41687
it 1.1601|-03 ?.O08A3'u0 rJm 0.97175 0.52213 0.02659 1.44017 0.43508
1? 1.4%29"-03 .'Wa7•b"00 NiM 0.97410 O.54500 O.b4920b .40Q21 0.45748
13 t.7010-03 9.206O1)44+00 tip 0.974115 U.56041 O.b6474 1 .401447 0.41330
14 1.9331"-03 1.2716'.00 NM 0.97476 O.ST.8•3 0.676%9 039335 0.40530
15 a.1178"-0. 2.5202"÷CQ Jim 0.97734 0.b1561 0.71600 1.35308 0.52923
06 $..%"-03 1.7361"t00 Nt 0.97943 0.b4993 0.71481 1.3204A 0.56558
?I 4.754'103 3.08P9"÷00 NM 0.98260 0.70164 0.79108 1.27118 0.62232
I, 6.Q401'.03 3.43'÷O%+69 rim 0.98545 0.74885 0.82930 1.22e00 0.6762b
19 7.2811"-03 3.760,1400 NiM 0.98612 0.79264 0.86289 1.18511 0.72811
?0 6.60M-0 40.15074+00 NiM 0,99476 0.86390 0.39514 1.14402 0.78245
at 9.61944-193 0.5109I'*0 NM 0.99q35 0.87767 0.9231b 1.10882 0.6311?'
l• [,1410"-0O 1I.ISww#00 NM 0.995s7 0.91407 0.94765 t.07189 0.08145
44 I.XY "-02 ý.1461"'00 M14 0.99711 0.9472q 0.96840 1.00547 0.92•6•4
414 1.647"-0? 1T,'0104#0 NM 0.998•40 0.97066 0.98267 1.02490 0.45880
2% 1.40. 01o-o 5,iA 0 MA 0.99912 0.945515 ".99154 1.01218 0.07%3
do 1633s".1.i? .645b?.GO NP4 0.99973 0.99503 0.99711 1.00019 0.94295
7T .. 71'5P-02 i.69180+00 rim 0.99997 0.999S0 0.99971 1.00042 0(.90929

o 20 .87970-02 1•. 4+'#0$0 JiM 1.00000 1.00000 1.00000 0.00000 1.00000

,I!PUT VARIMILF4 YeM A81UJIME PvPD AND VAN DRIEST

•! .' .. ;_ :.... .. _._........ . ... ... . . .. . .... . ..______•



S502-('-2

S5020020 812T315 /FLNTEIO PROFILE TABIULATION 22 POINT.', DELTA AT POINT 22

1 y PT3/P P /PD TWO/T WH/OI u/UT T/70 PIa/PllO0*U/UO

I J.Q0u0+00 1.00n0"100 t(4 0.9S350 0.00U00 0.00000 1.7RQ71 0.00000
2 2.2960"-3'4 l.6211L'+00 NM 0.96b5q 0.1420614 0.5128A2 1.52204 t'.34704
3 .3.0830~-04 1.72W+40O Nil 0.13670b. 0.1155111 u.55775 1.119928 0.37200
4 5.2070"-V14 I.15643*.'00 Nil 0.9b9A9 0.'IVOOI 0.59311 1.46926 0.4011"
5 *.Ipb?*-oq 1.9653"+140 ?41 0.97120 0.51260 0.6170U 1.44875 0.42594
61 7.7470"-04i 703ps"+00 101 0.97205 0.52710 0.63IS6 2.435bli 0.43992
7 9.067A"'-04 2.1090'too '4W 0.972415 0.Sa2%2 u.64062 1.42150 0.45503
a 1.0216"-u1 2. 145, f 10 144 0.97413 0.56241 0 .tibb21 1.40308 0.47480
94 1.1532-03 2.3'415"000 .41 0.97551 0.585311 0.611747 1134270 0.49792
20 1.41232"03 2.4961.*00 .1p 0.97710 0.b1160 0.7124b 1.3568%' 05s250
It1I.6b3W-03 a.69131+00 Y3M 0.147901 0.64296 0,74070 1.32711 0.55513
14 2.2967'-03 3.18W#7'00 H4 0.98339 0.11451 0.80174 1.258017 0.631)87
13 2.9312*-O3 3.66'30'.0 11H 0.98725 0.77833 0.85201 1.19863 0.11082
14 3.56137"-03 4.1550"(10 AM 0.99071 0.817S9 0.89549 1.143S6 0.78307
Is 4.1966"-03 4.67'10#00 fNm 0.9941B 0.895S7 0.93532 1.09072 0.W552
16 4.8357"-03 4.1661"+no N4! 0.99711 0.94129 0.9664U 1.04507 Q.92664
17 5.4271P~-05 5.5031"#n0 US! 0.99897 0.98110 0.95891 1.015911 0.97336
15 6.10W7-3J3 5.6252"900 Jim 0.99962 0.990og 0.99S59 [.00511b 0.951014
19 b.7437"-05 5.6662"too tNM 0.99984 0.94702 0.99827 1.00251 0.q9577
20 7.37111"-Ql S.67l3-#00 14M 0.999M7 0.99751 0.99856 1.00?09 0.99647
21 8.0137"-03 S.6918.0u liM 0.99997 0.99950 u.9Q971 1.00002 0.99929

0 22 9.0297",-43 5.6969"PnO 1414 1.00000 1.00000 1.00000 1.00000 1.0(0000

INPUTI VARIAOLLS Y,u A3SUME PwPDl AND VAN DRILSY

S550g0jn3 SIWYTO /FEMtER PROFILE TABULATION 24 POINTS# DELTA AT POINT 24

I y P13/P 11/111 10TOIOD (/Mi) U/WI 1TOT PHO/PHOD*U/UD

I 0.0000"*03 I.40000'400 NM 0.95311 0.00000 U.00000 2.73556 0.00000
9 .2860"-04 1.6511"+00 N-4 0.9bbs590.43435 0.53u22 1.5?406 0.351A4

3 3.6obl!"-04 1.7079"+00 Iim 0.90138 0.'44807 0.551b4 1.51172 0.36401
4 .76'-' .797.u491( 141 0.16865 0.47137 0.57S?2 1.119175 0.38S94

S 6.12W'I-04 1.40A9"110 'g.M 0.q69e2 0.4582 0.59321 1.01672 0.40171
6h 7123y0'-44 2.93334'20u Nm 0.970424 0.50247 0.6n791 1.46373 0.41533
7 8.661141-04 1.9797"+00 AM 0.91,102 0.52334 0.6179'j 2.IIS54A 0,42471?
8 1.0033*-03 ?.0252"400 NM 0.97187 U.52172 0.62731 1.446(14 0.4338b
9 I.12237-03 2.0895"+00 NP 0.97231 0.53415 0.64025 1.43411 0.44637
2 0 1.e,4461-01 2.141204-00 NIA 0.972914 0.544q2 0.b503b 1.4R444 0.45os7
21 1 .361'J'-us 2.19W+"110 NM 0.97354 0.55479 0.bs998 1.111511 0.94636
12! 1.4960"-91 2.a360#900 NM 0.97398 12.S6219 0.66714 L.411810' 0.4737b
Is R.2510"-33 2.44?6'.00 t14 0.77617 0.ýqha2 0.70S20 1.37390) 0.51037
14 2.7711"-O1 ?.62'18"fo NIA 0.47798 u.1?764 0.72825 1.34595 0.544127

25S 3.41436*03 2.8011440 NM1 0.97965 0.b5499 0.15211 1.1129b 0.57Q25
16 11.0300-01 a.4033"fP00 NM 0.98121 0.68264 0.77524 1.29349 0.519934
17 5.3011b"-33 1.3457*+00 NM1 0.94436 0.73149 0.81632 1.24S39 0.65547
to 7.64060-01 4.0dP6"+oV NM 0.1111989 0.6i!260 0.865h5 1.15860 0.76442
19 I.034111'-O2 4,81s1*000 N4M 0.194k3 .12.0375 0.94103 1.08020 0.86795s
20 1.2929".02 5.4373"iO0 yi( 0.99632 0.04742 0.98054 1.02792 n.95419
21 1.51269'-0? 5.691514,00 NM 0.99957 0.99210 0.99543 1.00671 0.96879
22 l.0011"-Ili 5.7433N*60 NiM 0.99984 0.99704 0.99829 1.00251 0.94S79
23 d.0549'-02 5.7537"000 Nm 0.99989 0.99803 0.9981l6 1.00247 0.99719

0 24 .0.3019N-o? S.71114"400 ~Im 2.00000 1,00000 1.00000 1.00000 1.00000

Il4PLJT VAI1IAOLLS YOM ASSUME PNPO AND) VAN DRILST

55020304l SdUTTS /IrLNTER PRnFILt TAB2ULATIONJ 24 POINTS# D4ELTA AT POINT 24

I y PY1/P P/Pr) TO/TOU 14/MD U/UD t/TO RHO/RI4100*U/1UD

1 0.0000"400 1.0080.00+ 141A 0.95J39 0.00000 0.00001) 1.727S9 0.00000
2 2.2860"-01J 1.3857"t00 3414 0.96579 0.42636 0.52572 1.51405 0.33617

3 4.0640"-014 I.W571t00 414 0.,96691 0.437?2 0.U3845 0.S2665 0.3SS593
4 4.216'I"-04 1.66760+00 NV 0.96707 0.44010 0.54166 1.5l1t2* 0.357711

5 5.5372*-04 1.14198"+00 liM 0.96827 0.44,303 0.56499 1.49511I 0.37784
b 11.623''-00 1.7S960+00 lit. U.96841 0.464s3 0.5676il 1.49W2 0.38024

8 6.8580"-0'2 l.5160~0i0 NM U.9092; q.478'21 0.562?0 2.480q7 0.393239 9.5960'-(14 2.9018*+0 lip 0.17032 0.49824 0.60273 1.46$21 0.41190
20 I.18167-03 2.00631+00 lim 0.97165 0.112109 0.625fi1 2.44,143 0.03385
21 1.4656'*'03 2.0744*+00 lim 0.973124 0.51449 0.u3922 1.143029 0.446Y2
12 i.0980'-03 1.2716"i40 Jim 0.91465 0.57171 0.07541 1.311%6A 0.146393
13 a.7280"-0s 8.I42211+00 Tim1 0.97424 0.59801 0.70024 1.37011A 0.51071
24 3.994S,1-0 a.72004*Oo 1414 0.97*18 0.64625 0.74380 1.325126 0.56233
15 5.261'4*'-0 I.98b7l+00 NM 1.96161 0,.41436 0.17720 2,28708 0,60'455
26 6.53W9'.03 1.24270+00 1411 0.96423 0.7270% 0.82212 2.212772 0.65059
t7 7.60294-03 3.56*6+00t 1414 0.96AP37 0.743?7 0.84113 1.212112 0.69353
18 1.0346".0a 4.142?*+Do NM1 0.99059 0.634Z4 0.893120 1.14.NS 0.17600
19 12.68-l 9713O0 N 0.991236 0.09076 0.93751 1.06809 0.04261
80 .13 0'-02 S12470+00 NM4 0.99733 0.9s134 0.97097 1.04161 0.93216
*1 1.7960"-02, S.5335'0#40 NM 0.99903 0.99223 0.98954 2.01514 0.97976
13t a.0S904"12 S.65586"*00 4M 0.19966 0.99904 0.99654 1.00s03 0.99156
as 9.30400-04 1.4690+00O N414 0.999611 0.99801 9.99865 1.00161 0.99728

0 44 Z.4169"-42 S.71751*00 3414 1400000 1.00000 1.00000 1.00000 2.00000

INPUT VARIA6I.E8 Yom A311UK4 PuPO AND VAN DA[EllY
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5 - 8.2 5503
SR THETA X 10-3 : 5 - 13

TW/TR : 0.5 - 1.0
4. FPG-MHT/SHT

Continuous tunnel with two-dimensional adjustable wedge nozzle. W - H 0.12 m.

0.3 < PO < 3.2 MN/m2 . 320 < TO < 660 K Air: 7 < RE/m X 10-6 < 18.

LOBB R.K., WINKLER E.M. and PERSH J., 1955. NOL Hypersonic tunnel No. 4 results VIT: Experimental

investigation of turbulent boundary layers in hypersonic flow. NOL NAVORD Rep. 3080.

I The test boundary layer was formed on one of the straight diverging walls of the tunnel nozzle. The test

station was in the centre of the wall approximately 0.5 m downstream of the throat (El. The wall was
4 actively, cooled and remained close to room temperature everywhere except at the throat, where it approached
3 recovery temperature. Surface probe tests indicated that transition took place just downstream of the

throat.

6 Static pressure was measured at a tapping of 0.64 mn diameter, and the wall temperature was measured by

four thermocouples embedded at various distances from the surface. After 10-20 minutes of tunnel operation

these recorded a linear variation, giving the local heat-flux and the surface temperature. Previous

investigations had shown that lateral temperature variations were negligible.

8 Probes were mounted on a sting about 0.3 m long (El which swung about a pivot mounted in the diffuser

about 0.2 m downstream of the nozzle exit plane. The path of the probe tips was thus slightly curved. The
7 Pitot profile was measured with a FDP (hI - 0.25, 1 • 70 mm [E]). Total temperatures were recorded with a

STP (Winkler, 1954) of the single shield vented type. The probe used near the wall das flattened (hi • 0.96 mm)
while elsewhere a circular probe was used (E) of about 6 mm (El diameter. A CCP ( ct - 80, d - 3 mm [El,

I I l7d, 12 • Irmm LEl) was used, but since the static pressure outside the boundary layer was within

9 1 of the wall value, it was assumed that the normal pressure gradient was negligible. The temperature
gradient in the wall gave a heat flux value which was used to compute the wall temperature gradient in the
flow, and the measured TO profile was faired in to meet this. The authors have interpolated the TO readings

to the Y-values of the PT2 readings.

12 The editors have presented all the measured profiles, incorporating the author's assumptions and procedurea.

The CF value given is that estimated by the authors from the limiting slope of the velocity profile. The

13 profiles fall into five Mach number groups. Within the groups for M - 5. 6 and 7 there is a range of heat

14 transfer conditions, CQ and CF are also given,

DATA: 55030101 - 1301. Pitot and TO profiles obtained separately. NX - 1. CO from temperature profile

in wall.

15 Editor*' comments

The experiment was a very early attempt at obtaining hypersonic cooled-wall data, and In consequenc- it is

not surprising that It is not ideally arranged. The pressure gradient at the test station is not large, but
as in all nozzle tests there has been a continuous FPG history. If radial flow is assumed, the high Mach
number approximation gives (l/p) (dp/da) w-y/x. The authors state that "the Mach number rise is about 3 %
per tunnel caliber at M - 5 and decreases with increasing Mach number'. The tests were made on a straight

wall so that no pronounced normal pressure gradient effects are expected, and the authors quote a 1 %

variation across the layer,

The skin friction data are dubious since they were obtained from the volocity gradient. On a log-law plot,

the profiles suggested that In most cases CF was underestimated. It sams probable that they still display

some transitional characteristics. The profiles include data close to the wall In a range for which the
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TO data was interpolated. no description Is given of any tests to check for cross-flow effects.

A flow of generally the same type Is described by Pasluk et &I, - CAT 6504, Other planar straight wall flows

are described by Michel - CAT 6902 and Volsinet I Lee - CAT 7304. More strictly comparable are the

exisyntetric straight wall nozzle tests of Hill - CAT 5901 and Perry & East - CAT 6801.

CAT 5503 L0OB BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD Th/TR RE02W CF * HI1 HI2K PW PD
x POD* PM/Pb* RED20 Cc * H32 1132K TW* Tn
RZ TOD* SW * D2 P12 442 D2K UO TR

53030101 4.9300 1.0117 1.02360#03 1.0900-'03 11.4317 1.4166 6.4028"+02 b.40280+02
NM 3.1208"t'0 1.0000 4.7764"+03 NM 1.6416 1.7922 3.0061"*02 5.55200+01
INFINITE 3.2540"002 0.0000 6.42268-04 NM 0.112b 1.4Q3O"-03 7.36010*02 2.97334+02

53030102 S.0100 0.7600 1.7043"003 1.0900"-03 8.7442 1.3656 9.48331+02 9.48330+02
NM 3.0764"#0O 1.0000 6.36630+03 1.32800-04 1.62ss 1.7852 2.8400"+02 6.62291+01
INFINITE 3.9870"-02 0.0000 7.4202"-04 NM 0.5266 1.4726"-03 8.1747"+02 3.6412"+02

33030103 5.0300 0.6302 2.56970+03 9.4300"-04 6.9666 1.4002 1.4017,403 1.4517"003
N1 ?.9540ot03 1.0000 7.70594+03 2.04200-04 1.6186 1.7612 2.9524"+02 8.4651"+01
INFINITE S.1300"+02 0.0000 5.4816'-04 NM 0.7017 1.5284"-03 q.27680+02 4.604S"÷02

55030104 5.0600 0.3631 2.66010+03 9.1800'-04 6.6740 1.3998 1.'43l0*3 1.532S"+03
NM 0.69371,05 1.0000 7.49271÷03 NM 1.6180 1.7601 2.99210+02 9.1819,+01
INFINITE 5.6200"402 0,0000 5.7003*-04 NN 0.6309 l.3243"-03 9.7210"÷02 5.13100+02

55030103 5.7500 0.8943 2.0309'÷00 .2O000"-04 12.5747 1.3991 1.115%4÷03 1.1590+03
NM 1.357 8 t0o6  1.0000 1.0733"+04 4.60000-05 1.0243 1.7786 3.2*1I+02 S.2677+01
INFINITE 4.0100-402 0.0000 6.3611'-04 NM 0.3860 1.6179"-03 0.36730+02 3.64776+02

5S030106 5.7900 0.8146 2.67560+03 7.2%000-04 10.3036 1.3942 1.33680+03 1.33660+03
NM 1.6972006 1.0000 1.23049+04 9.67004-05 1.6fBi 1.7832 3.3100i+02 5.60161+0I
INFINITE 4.4700"+02 0.0000 7.%249"-04 NM 0.6256 1.6636P-03 8.8422"+02 4.06335+02

550301Cy 5.6200 0.6240 2.85540#03 7.10000-04 6.4694 1.3547 1.31080+03 1.31068"03
NM 1.71751+06 1.0000 1.0739"÷04 1.4760*-00 1,6236 1.7793 1.1167T+02 7.0873'÷0+
INFINITE 5.5100"a02 0.0000 8.62W35-04 NM 0.6611 1.7503"-03 9.8237"+02 5.0107"+02

55010106 6.6300 0.6779 1.35300+03 4.6300'-04 13.9318 1.4996 4.37610,02 4.37611,02
NM 1.5503*+06 1.0000 7.4810"403 I.2l10o1.04 1.6264 1.7629 2.67200+02 4.S207M.O1
INFINITE 4.67O00+02 0.0000 7.60970-04 NM 0.6944 2.1165"-03 9.2135"#02 4.23h8N*02

55030109 6.7800 0.632 1.64030+03 6.6600"-04 11.7647 1.4583 6,.3218002 6.32186002
NN 2.13800*06 1.0000 8.2759,403 1.64000-04 1.6191 1.7680 3.00S1"402 S.7487"*01
INFINITE 5.46000+02 0.0000 6.63715-04 NM 0.8363 2.1240"-03 1.03U7"403 5.31030#03

51030110 6.8300 0.5596 2.57030#03 5.93000-04 10.4067 1.4302 8.15161+02 8.15160#02
NN 2.867860*6 1.0000 1.16231*04 1.4390'-04 1.6200 1.770S 2.9711002 5.67294"0l
INFINITE 5.6600"+02 0.0009 9.15360-04 NM 0.9591 2.1335*-03 1.0310"+03 5.30960+02

53030111 6.7800 9.5023 1.08'60+03 6.9400-04 1.5165 1.4624 6.4117"*02 6.4217'*02
NM 2.16840#06 1.0000 ?.5924#"03 1.57304-04 1.8107 1.7630 2.90930#02 6.2706'001
INPINITE 6.39200+02 0.0000 0.9057*-04 NM .9320 Z.05240-01 1.0764"+03 5.79240+02

11030112 7.6700 0.3144 1.4428"e03 5.96004-04 &2.3029 1.5342 3 ,21 9 9 "+02  3.1989*402
NM 2.45210#0 1.0000 ?.38640+03 NM 1.6116 1.7311 2.0997"02 .056"v+01
INFINITE 6.4500'402 0.0000 1.0749*-03 NM 1.0240 2.8446"-03 1.0931403 S.6317-402

S%030113 6.1600 0.3076 1.52156+03 5.3000"-04 11.3397 .,506s 2.85580+02 i,8550"÷02
NM 3.22210+06 1.0060 6.6550+÷03 1.3710"-04 1.8160 107653 1.00300+02 4.S5421+01
INFINITE 6.S5000+02 0.0000 1.16670-03 NM 1.1511 l.871l-03 5.1066*÷O• .91420+02
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55 anSol041 I.OBB PROI'ILE TABOULATIONI 21 POINTS, DELTA AT POINT 21

I aP ./P 1 P/P 0 T3/T0) M/MI> U/UD T/ID RHO/RHOD4U/UO

1 0. 0000" Io 1 1.00(101 t4A0 1,1 0,16 0.00001 0.00001) 3.21b
7
00 1I .')0000" ' 0.1100)0" u ' 2. 501')" 400 14M 0.62090 0.00'q7' 0. 10003 3.03010 0,1 3201

3 4.1 I)00"-04l s.'I094" 00 N'" 1..60243 0.3O003 u. 511!400 2.815 00O 0. 17')04
14 4.70u00-uQ 31.0?9"fo tOO IJ 0.70705 0.31913' 0.539)00 2.8qo00 0.1)89)7

j ¶3 )Qfo"..-t) 414.4S'j Q) 1,:io U !0 0.71103 0 . 30(5SO LP .5~700(1 2 .7?',90( () .2091 7
b .6000"-04 S. 32 1 B+00 rim 0. 72b,6 0.340~75 U.C 1000 2 .5 A0 0 0.2')916

71 .6000".011 5.9u022"#00 1414 0.133117 0 .105 ?.1 0 j.S0 " 0W .44000 0.25q43
a 7.'J000"-)9 5.9343"+00 Nit 0.73599 0.401;52 0.63500 4.qooo 0.26025
9 4.0f00flJ0 b.S3(lu"400 N4m 0.74346 0.4?820 U.b looU 0.34700 0 .279F,

10 I.0000"-03 6.9329"+00 41'j 0.75051 Q.'0027 o.67000 2.29500 0.291qq
It 1.170111-03 li77~tO t, 0.75560 0,'l5400 0.1.11100 Z.250010 0.30267
11! l.'4o0'J'-0 7.7136"Ou Nm 0 .7t,601 0 . 46811 0.69600 ?.?01(00 0.31522
1 S 1.42000-03 7 .7398 +(In N.4p 0.76,471 0.469214 0 . lp600 2.a0000 0.31616
14 1.6500"'03 8.01563"~Oou N4i 0.773S3 0 .4793q 0.70700 2. 17"(1 0.32506
is3 2.0300"-03 s.h29b"+rO I411 0.784q0 O.`iQ7?25 0.1?400 !.12000 0.3'141s
1b 2.b000"IJ3 9.#,9I7"+Oo NM Q.50363 05,18%1 U-75200 2.02300 0.37173
17 S94100".93 .211 a"*O01 NM1 0.83979 0.5()433 ao. noo40 1.83000 0.43944
1S 9.0200"-43 2.2o86j',Ol NIA 0.93517 0,17Z4 0.93000 1.29500 0.71615
19 1 .41 00"-00 3.9819*.01 N"l 0 . 9C757 O.95956 0.9~lao 1.05000 0.q.121%9
2D 1.9180*-O2 3.329q,+O1 tip~ 1.00ob5 0.99401 1.09.009 1.D(w4iO 0.99602

0 01 0 12)"0 3.3431"'011 Nm 1 .00003 1.00000 1 .ufoloo 1.00U60 1.00000

INJPUT VAPIA13LES Y#U/UD,T/11h ASSUME~ PAP0

¶5S30105 LOll). P'RnflLE IABULAY11111 N1 POINTS, DE0.A AT POINT 08

I y P72/P RP/rI TWO/T M/140 1/Uf) T/TD R1l0/R1iOD*tU/UD

1 0.0000"+00 I.W109"40 4'.' 0.8IMS1 0.00000 0.00000 6.15600 0.00000
2 2.8n00"-oM I.77'JU"*00 N~m 0.79082 O.161412 0..3110D 5.11000 0.07260
I 3.%flJ0"-Oq 2.07hb6"40 NIA 0.81207 0.18706 0.4?000 5.020110 0.08367
9 4.100tI4-04 2.'4637*s00 NM1 0.61965 O.;100 0.40500 4.81000 0.09667
5 5.30W)0-04 3. 22111 " +00 414 0.133041 0.45219 0 .53200 '4.95000 0.1195S
6 6.1'010*-0' 3.1$674"+*00 NM O.U3396 0.27229 0.56200 4.26000 0.11192
7 .('000".04 3.9256~"+nod NH 0.8367 0.2833q 0457600 4.16000 0.13899

8 1.90W0-04 4.00;.'6"+00 C411 0.40579 0.30bb5 0.01100 3.97000 0.15390
'I 9.9fl001-04 5.2I179" #00 fNI' 0.435642 0.33315 0.69000 3.761100 0.1L7 181

10 1.1700"-j3 9.79h.4"*00 ij[4 U.06036 (I35311 0.bb900 3.sqo00 0.111635
itIl.SSO0003 b.41200+00 14P U0.6785 0.37110 0.69200 3.90111(0 0.20116
12 I.Wf7't-03 b.58S3"+Ott N4M 0.369814 0.37859 0.698000 3.40000 0.20089
Is 1.61004-03 b.07h?"i00 Nim U.87391 0.387%2 0.711500 S.S33800 0.d0lo1
14) 2ý11100-03 7.2'7080+00 1N1, 0.07960 0.39912 0.72100 3.26000 0.22117
15 0.B0200-03 F1.21211"00 ;)4M 0.69060 0.42621 0.74800 S.08006 u.2i421N
Iu 3.'4600".03 q.U1A3"+90n NM U.902101 0.4502S 0.77700 2.57500 0.2702b
17 4.7300*-03 1.1959"+0l rim 0.9a155 0.50799 0.01800 4.59300o 0.315uo

bl .0000"-Os 1.110W+~01 0.9397l, 0.$6134 0.85500 2.3p000 0.368'53
19 7.2700'-03l I.bsll.ol riM 0.75*6 0.61501, 0.81,700 k.08000 0.42644
20 8.5400".03 l.90394+411 N4 D.96933 0.67108 0.91400 1.65500 0.4q,372
21 9.7900*.03 2.2711-001 N4M 0.97915 0.12205 0.93500 1.67300 0,55885
2.2 1.10501-02 2.60'II"*1 rim 0.98595 U.77312 0.95300 1.50000 0.63533
?S l.2300"-02 2.99254+01 Jim 0.9911,0 0.831119 0.96800 1.35900 0.714c;2
i'4 1.4860"-02 3.7140+$01 N4M 0.9967S 0.1;2820 0.98800 1,13300 0.67202
25 l.C'l00"-02 0.01'l.3-401 N4 0.991499 0.96546 0.99400 1.06000 u.93774
ay 1 .7401)"-02 LI.1027"t+4 f4ML 0.19782 0 .';M S7 3 0.991700 1.02300u (1.97958
27 1.111400"-02 4.2717"+Q1 141' O.j99892 0.9965 0.99900 1.00S00 0.99903

1) 20 1.9900".02 '4.3033"40l 14M 1.o00000 1.00000 1.00000 1 .00000 1.00000

INPUT WJAwIAJL Y,tJ/lJD,T/TD ASSUME Px00



5503-C-2

S~001 lJOlj PlIOFILE TAIAULAf~nlflI 2 P011173, UfLTA AT POINT 23

1 y PIP/P P/Pn TO/100 M/31) L/U') 1/TO PllO/RNQOD*L/UD

I 0.000o"to0 1.0000"foo f41 0.4-9529 0.00000 0.00000 4.64110p 0.00000
2 3.0100"-04 1.qhWO)0 144 0.5Z.365 0.101412 0.22809 '..86000 0.04691
3 3.3000"-04 1U.;' 4 '+00 W, 02ij3olb 0.11170 0.ZqobO '1.85000 ().05072
4 4.1ooo"-orj 1,76,151+00 IIm 0.54921 0.11842 0.D-u 4.76000 0.06145
% 01.3000"-u0 1.8 71"flu liM 0.5600b 0.10037 0.31b00 4.79100o 0.06596
6 5.1600"041' 2.?91400.O Ill., 0.57352 ().17097 0.36700 4.b0800i 0.079(.0
7 6.1000"-M4 1.05,551+00 14P 0.59936 0,.20675 0.43300 4,3860') 0.09812
8 1.1000"-U4 3.1470"00 T11% U.u2317 0.;.373il 0.46600 4.18700 0.11607
9 7.6000"-0'% 0.2b251+ofl TIM 0.61372 0.Z52015 0.50900 4.07000 0.12482
10 9.bo00"-00 %.6416,+00 NM 0.66105 D.295e. 0.58000 3.85000 0.15065
11 t:G220u"-03 6.96j32"0oO NM4 0.71SR9 U.S3067 0.631011 3.63700 0.17349
12 1.4050"-013 7.11S72'tOO rim 0.73129 0.39303 0.l.5tk00 3,47400 (1.18941
Is I.7000"-03 8.0~f0 N" 0.7173b 0.36514 0.1.7100 3.37760 0.19070
10 4.9700"-ul lt.0550"401 C16. 0.76600 0.141257 0.7?100 3,05400 0.23608
1% t,.5100'-os 1.57290+01 N4M 0.81664l 0.07176 0.79800 2.47000 0.3?306
111 5.0500"-03 2.loJ951tol NIA 0.06127 0.59084 0.85600 2.00300 0.41809
1? .57~0 2.5771"ok1 NM 0.9006h 08h9I6O 0.90200 1.70100 0.53028
141 1..j;S"-u2 3.7215"tol HM' 0.93851 U.76801 9.9'0100 1.42610 0.6s9S9
19 1.567*-02 l4.6407"f01 kim 0.97129 0.88162 0.97200 1.215100 0.80000
20 1.6210"-J? 5.5299qot1 1111 0.96972 0.96254 0.99100 1.060110 0.93491
a1 1.8650"-02 S.642e't01 NM 0.989,76 0.97,414 0.994911 1.01700 0.9"661
22 1.91150"-U2 S.A0?30t0I NM 0.p99277 0068616 0.99500 1.01800 0.97741

0 23 d.9110'-02 5.96n9t01 "im 1.00000 1.00000 1.00000 t.0(1000 1.00000

INPUT VAR1IABLES YoUUO.T/TD ASSU4E PmP')

55030112 LOBO PROMIE TABULAYMO 25 POINTS* DELIA AT POINT 25

I y PT2Jop P/PD TO/TOD '4/MD U/U') T/Tl' RMO/41400hU.tUo

IO .D0000'.00 I.0OM01,00 INm 0.06535 0.00000 0.00000 S.94060 0.00000
c 4I.6000"-04 l.2071*400 riM 0.519410 0.071%4 011171100 b,26000 0.02859
3 b.50004-04 1.b171"+00 NM 0.5a151 0.11185 0.27100 S.67000 0.00617
4 1.70DOI-00 1.Mab0".00 NM 0.SS128 0.13001 0.31500 5.87000 0.05366
5 9.bO00'-00 2.74494+00 NP 0.58266 0.16914 0.39900 5150500 0.07170
o 1.2200"-03 3.7955*400 11M .0.1529 O.i'0833 0.47500 I.CI.00O0 0.09135
7 1.4700'-03 4.9)034140( N4M O.60649 u.24354 0.53700 4.M60011 ý.1o049
8 1.7300'-03 5.7911"+00 NjM 0.077011 0.264057 0.51600 0.74000 1012152
9 1.8500'-03 6.aO38**00 rim 0.691111 0.2747Z Q.tV9400 4.67500 o0.1706
10 ý.4900'-03 8.0288'+00 INM 0.73265 0.31569 0.65500 0.30500 0.15215l
11 3.7600"-U3 1.01oo0*o1 ;I;4 0.7S449 0.$5726. 0.70100 3.85000 0.18a08
12 vi.0100"-13 t.2280'+(11 lip 0.17147 0.39482 0.73600 3.07500 0.21140
13 6.4000"-03 1.q3?s4+I0 N4 0.79209 0.0276F1 0.76600 3.20900 0.23878
10 7.5700"-03 1.6l029"+01 NM 0.60311 0.45902 0.78800 4,414700 0.26.139
is S.H10040'0 1.96863+01 11'4 0.81033 0.49263 0,51100 2.70800 'J.2q948
it. 1.0110"-02 2.13240'f01 tit 0.63a04 0.52074 0.403300 2.152040 0.3355b
IT 1.1360"-0? 2.4903'041 tip, 0.01*5?9 0.56800 0.85200 2.2s000 0.37167
1)) 1.2650".02 W.)W#'01 W1 0.0610b 0.598167 0.86900 2.10700 0.41ai03
19 11392OW-02 3.1060+,~01 rim 0168170 0.64386 0.69100 1.91500 0.46S21
10 1.6000'-02 4.0961"tOI fIM 0.90800 0.73119 0.92ZO0 1.59000 0.57967
21 1.90000-02 5.?047"M0 NM 0.937s8 0.82524 0.99100 1.326000 0.71611
22 a.1s00"-O? 6.,o042"tol rim 0.96045 0.91OS4 0.91300 1.12700 0.6h335
is 2.4008-0,- 7.'07.l PA 0.98832 0.98564 0,90300 1.01500 0.0V8%3
20 2.6620"-01 7.62408"M0 1114 1.00000 1.010000 1.00000 1.00000 1.00000

0 25 2.9160"-02 7.62081+01 NiM 1.00000 1,000')0 1.00000 1.00000 1.001000

INPUT VARIABLES VI'/UOT/TD A33UML PsP~l

55030111 LOBO PROFILE TAMSILATION 19 POINTS# DELTA AT LIIINT 19

L y P727/P R/PD 4TWOO M/1`1 U/U') T/TO IINO/PllOO.U/UD

I o.OvoO.oo 1.0O000*00 NiM 0.45843 0.C10000 0.040000 6.541340 0.00000
2 1.0000"-03 2.o.21'"400 riM 0.52095 0.14733 0.31;500 5.80600 0.06110
3 1.10D0"-03 S.80910#0O0 NM 0.56539 9.1rds75 0.45500 S.40300 0.034,21
L4 1.45001-01 9.1370"+00 NiM 0.S8666 0.232!5 0.51000 0.90200 0.10/186
5 lIM060-03 6.13408#*00 rim 0.61998 0.25603 0.515800 W4.500 0,11707
to 2.4100*-os S.292.1'.00 Jim 0.65873 0.30110l 0.62300 0.28000 0.123556
7 2.5000'-03 9.?309*+0 NiM 0.661.98 0.11883 0.64400 4.08000 0.45764
8 3.7300*-0$ I.?2fl8*+11 1110 0.72228 0.341907 0.70800 X..60000 0.09239
9 4.911004-03 1.%14830+0l NM 0.7489A* 0.8'0601 0.10504 1.33400 0.22.146
110 6.2200*-03 1.?4t9"+1 rim 0.70714 0.10351. 0.77300 1.03700 0.2545
11 8.5OOO'-Ul 2.2765"*01 riM 0.80203 0.54874 0.41700 R.57900 0.31679
Ile 1.13001-02 2.90W'+01 NM 0.83157 0.57577 0.b8'4IOO ?.20000 0.36618
13 11,311100'-01 3.6451"#01 14M 0.66106 0.64035 0.68600 1.67q,1l0 0.417193
14 l.40~2 4.11670"+01 tM 0.69189 0.72439 0.90)00 1;19900 0.57286
Is 1.8900"-02 5.6670't01 Nm 0.92023 0.00176 0.90200 1.36000 0.69265
16 2.15009-02 6.3%93',fl1 NM 0.950352 0.06928 0.96600 4.111000 0.81664
17 9.40009-02 .oiislo+ol NH 0.)7%42 0.46356. 0.96S00 t.04500 0.94P.58
16 2.11009-02 6.14?240*401 t14m 0.911799 0.98612 0.99300 1,01400 (0.97929

D 19 2.6509*-0? S.6o15"401 UM 100000 1.00000 1.00000 1.000080 1.00000

INPUT VAIIAOLSS YttJ/UD.T/TD ASSUME P`QPD



5801-A-I

M : 1.9 5801
P THETA X 10-3 : 11 - 12

TW / TR : Approx. 1 (F) APG AW

Ccntinu.;.. flow tunnel with symiietrical flexible nozzle. W - H - 50.8 mm.
PO : 0.27 MN/mr2 TO :300 K. Air. PE/m X 10-6 : 30.

NALEID .Fr. 1g58. Experimental investigation of the impact pressure probe method of measuring local skin

friction at supersonic speeds in presence of an adverse pressure gradient. DRL 432.

I The test boundary layer was formed on the floor of the wind tunnel. The roof of the tunnel was replaced by

a flexible plate which could be deflected to cause a ranqe of pressure oradients on the test wall.
Measurmeents were made at a single station. The pressure history upstream of the test section was not

4 given. The pressure was approximately constant for the first 50.8 mm of the flat floor, the Imposed pressure

gradients spruading uver the following 76.2 mm. The pressure gradients (one favourable and seven adverse)

ranged from - 41 to + 191 KN/m2/m and were found to be repeatable within the limits + 2 , - 1 %. The test

6 section floor had 11 static pressure tappings along the centre-line at 12.7 mm Intervals. The survey station
B was midway between the 8th and 9th of these. Wall shear stress was measured with an FEB which had a circular

6 ulement 6.35 mm in diameter, the maximum gap being 0.153 mm (designed by Moore - CAT 58015). The wall

temperature was not reported but the "tunnel was operated for a sufficient lenqth of time to permit all

components of the balance to assume the operating tomperature".

7 Only Pitot profiles were measured, with a CPP (di = 0.508, d2 , 0.254, 1 - 13 mm) at the same station.
8 The tip of the probe was brought into contact with the wall for the lowest Y-readinq. No corrections were

10 applied to the profile data, and the Pitot probe was also treated as a Preston tube.

9 The author interpolated the PW values to give a local value for dp/dx at the survey station, This has been
12 read into the dat. tabulation below to qive a P12 value. The author's assumption of an isoenergetic boundary

layer has been replaced by the Crocco / van Driest velocity temperature relation, and the static pressure
in the boundary lave.r has been assumed constant. The edqe reservoir state has been arbitrarily set at the

reported tunnel iesuswvoir state.

13 The eight prnfiles presented were measured in eight differený pressure gradients with approximately the same
14 edge state. The CF vales associated with thee are those directly measured with the FEB.

§ DATA: 58010101-0801. Pito; profiles. NX - 1. CF from an FEB measured separately.

15 Editors' coments

The experiment represents an early attempt to detnrmine the influence of prassu're gradients on skin friction,
Wnd on the Preston tube calibration. The range of pressure gradients is small, and although arranged to
occur with a near constant edge state. may be slightly confused by the varied upstream histories, which are

not presenited, The consequent CF variation is correspondingly small.

At this low Mach number, the absence of a TO determination Is not important since the wsil is near-adiabatic.
The size of the Pitot probe is such that none of the profiles include Iveasuremnts within the momentum-
deficit peak, so that Integral values must be tres.ted with reserve, The profiles are so smooth that it

seems probable that 3ome smoothing or interpolation was employed which is not reported, The pressure gradient

has little effect either In the log-law region or in the outer region.

The most nearby comparable measurements are those of Thomas - CAT 7401.



580 -1-0-/c.1

CAT 58111 IALCEW BOUNDARY CONDITIONS AND r.VALUATrD DATA. 81 UNIT3.

RU;l '4)6 74/T4* R~r)2yl CF H12 "12K lwPO
IC P%)DA * P1/PD* REri2D COH 4. H32K( TW TO
RZ T 0 r) A s1w * D,2 P12* M42 D2K UD T P

58010101 1.91470 1.0000 7.110811#0.1 1.8760*-Ul 2.^995 1.44059 1.7420-+0'I 3.7420-*Om
JM2.696b"+05 1.0000 1.16~33404 NM 1.82ul 1.8021 2.6957"+fl2 1.724'13+02

INFI[IYllr 3.0317,+02 0.01)00 3.!593*-0Q -6.2662'-OP 0.001b .a.293q"-114 5.1261-+02 2.8957"+02

5S400?01 1.997tu 1.00ou 1.1509"0o3 1.580-0'us 1.04.64 1.414. 3.4025"+04 3.0625**O"
NM 2.6966"fnS 1.0000 1.11650+04 NN 0.8245 1.86s8 a.6917-#02 1.6866A"+02
INFtliITr 3.0316*tla 0.0000 3.'1621"-04 2.0531"-02 0.6"ZI 4.2336'-04 S.1996"+02 2.LA917",02

56010301 1.9360 t0.ooo 7.7816"403 1.9160'..03 2.9631 1.4477 3.8040'+04 3.8040-,U04
rim 2.6949"tD5 J.0000 1.18?9*404 Wv ~ 1.816b 1.8066 a.904s**o2 t.731S"+02
I(IF1fI1TE 3.04000j02 0.0000 3.60?58-04 2.8967"-02 0.0609 4.3670~-04I 5.1166*'02 2.904S*+02

s500'oqol t.9200 1.10000 7*9377'.03 1.9000.-os 2.9643 1.4510 3.01994*'44 3.8994"+o4
JIM 2.690rtfos 0.00n0 1,ý209'*+04 :4M 1.8137 1.50S7 2.9085*402 1.751S.402
INFINJITE 3.0426*t02 0.0000 3.6333'-04 9.3126*-02 0.0801 4.4123"-04 5.0946'+02 2.90a85"Q2

58010501 1.9180 1.00)00 6.090t03S 1.51100H.03 j.9719 1.4572 3.9066*t04 3.9066"+04
NM 2.69154+05 1.0000 t.20171~0tq NM t.5100 1.8019 2.682l'+02 1.7370.+02
INFINVF 3.015alt02 0.0)000 3.62611-04 0.I';14-o1 0.079S 4.J4ilb7-04 s.0683",0o2 2.0621"+02

sRiOloboo 1.060sc 1.10000 6.loI9o.,o 1.88104-03 it.9469 1.4610 4.03231404 4.0321*+04
11M 2.69351+05 1.0000 1,2306"*04 NM 1.6017 1.7996 2.6863'.02 1.7540"+02
INFINITE 3.0178'+02 0.O010 3.61465'-04 1.60';9'-01 o.0?87 4.4I326--04 5.0399'+02 2.8966'+02

56010701 1.8830 t.00)00 6.19786,03 1.8770"-03 2.9262 1.44638 'I.1210"#04 4.1210"tol
NM 2.6S96"tos 1.0u00 1.?22"a"04 JIM 1.8082 1.8000 2.6780"#02 1.7596",01
INF!NTI'e 3.00151f02 0.0000 3.5994"-04 2.32280-01 0.01670 4.3702'-044 5.0083"+02 2.8780"+02

58010601 1.8730 1.0400 8.?361*+03 %.9160"-113 2.4189 L.4679 4.1934"+04 '4,1934"+04
rim ?.6921*01 1.0000 0.2288"404 Nm I.do45 1.7964 2.91231+02 1.7602"+02
INFINITE 3.04260,02 0.0000 3.6346*-04 3.5698'-01 o.0774 4.4183"-04 5.02170+62 2.91230+02

S50010101 NALLTD PROFILE TABOULAYI01i 22 POINTS# DELTA AT POINT 21

I Y PTP/P P/PD TO/TOD .1414D U/UD 7/TD IHO/RNOD*U/UD

1 0.0000"+00 t.0000*too JIM (1.95505 0.00000 0.00000 1.67931 0.00000
2 2.SS00"-04 2.1?19"400 JiM 0.97535 0.:j7Zb8 0.67112 1.3733S 0,45ab?

*3 5.1090"0~4 2.4871"~00 NiM 0.97571 0.63020 0.72473 1.32251 0.50800
4 7.6500-04 2.7711"400 Jim 0.98150 0.07195 0.76651 1.215019 0.59874
5 l.0200".0ý 1.0005so0 Nim 0.90.054 0.71186 0.7456S 1.244026 0.63b90
b 1.2750'-03 3.20,0)+90 Jim 0.98531 0.71416 0.62003 1.222SI 0.67071
7 1.5100'-03 1.o04i'+O0 Nim 0.98698 0.76990 0.80241 1.19723 0.70363
* 1.7410'.03 3.60135*+O 0444 0.`488118 0.79712 0.56313 1.07300 0.73600

*9 2.044004-01 I.S171'+00 NM 0.99011 0.82,112 0.8828'; 1.19960 0.76780
10 2.299501-03 4.01W+410 JIM 0.99054 0.84797 0.90070 1.12622 0.79833
01 9155001-03 4.a14S"t0Q N4M U.992105 0.8)7l62 C.91604 1.10679 0.8a946
12 2.80504-03 9.q078"+00 JiM 0.99440 0.89471 0.93305 1.06778 0.8$785
13 1.0600.-03 4.601S*t00 JIM 11.99sile g.91731 0.94822 1.06851 0.86791
14 1.31504-01 4.41781+00 Nm 0.99619 0.440(03 0.96354 1.09063 0.91886
15 1.5700".0)3 4.90e';'t00 1M 0.99735 0.95172 0.97039 1.03963 0.93341
16 1.62~1;00-01 T.0740%*00 NM 0.99013 0.96667 0.98095 0.02559 0.916,51
17 4.0800'--0 5.175a8t00 riM 0.99590 0.97946 0.98761 1.00873 0.97137
10 11.3350"-03 S.259W.00 14M Qg*49937 0.98819 0.99290 1.00954 0.98348
19 4.;9O001-03 5.3151*to0 Jim 0.91)970 0.99435 0.99662 0.00456 0.99208
20 4.6450"-03 S.3400"#00 NM 0.199966 0.99743 0.99847 1.00206 0.99640

D 21 S.1000.-OS 3.37?9"f00 NM 1.00000 1.00000 1.00000 L.00000 1.00000
22l 6.350'11W- S.3530"+00 tNM 0.99989 0.9979'; 0.99878 0.00166 0.99712

INPUT VARIA3LLS Y.1l ASSUME P4PD A140 VAN DRIEST



5801 -C-2

58010201 NALEIO PROFILE TAIULATIOIJ 22 POINTS, DELTA AT POINT 22

PT2/P P/Pr TO/TOO t/MD U/UO T/TD RHO/PHOD*U/UD

1 0.0000"+00 1.0000"t00 114 0.95385 0.00000 0.00000 1.71a65 0.00000
2 2.55)0"-09 2.2606-foo ijm 0.97501 0.57486 0.67709 1.38117 0. i8Ml0
3 5.1000"-04 2.6217"+n0 NM 0.97871 0.63405 0.13392 1.3?972 0.55194
4 7.6500"-04 2.8980"+00 JIM 0.98129 0.67902 0.77113 1.2896g 0.54791
I 1.u10*-;03 3.141121+00 NM 0.98342 0.71407 0.80050 1.25671 O.63bq8

I I 1.41501=03 3.1532"+00 14M 0.98518 0.7qs11 o.82397 1.22"9j O.6TOt9
7 1.5300"-03 3.5706"+(0Q (4m 0.98490 0.77160 0.04630 1.20?At 0.70360
8 1.780301-03 3.7880"+00 Nm 0.98855 0.79920 0.06715 1.17727 0,7)657
' 2.0100"-03 3.9901.•00 NA 0.99001 0.82374 0.68517 1.15471 0.76657

10 2.2050".103 '.?!o9"+a00 10 0.99154 0.h4977 0.90372 1.13099 0.79905
11 e.5OO0"-03 .U.122"+00 NM 0.99M88 0.87281 0.91965 1.11022 0.82835
12 2.8050"-03 4.614b0"00 NJM 0.99041 0.09534 0.934R2 !.OqO13 0.85753
is 1.0b00"-03 4.3i.•1"O0 N4M 0.99541 0.91638 0.94693 1.0711t 0.88591
14 1.3150"-v3 4.9921"+00 14M 0.99b6a 0.93590 0.96109 1.05454 0.91138
15 3.5700"-03 5.16l2"+eo 1Nm 0.99746 0,95343 0.97204 1.03941 0.93518
11 6 .8250"-vu 5.2886"+00 rjw 0.99817 0.Ofbus 0.98002 1.02828 0.95307
17 4.0800"-.0 5.42?5't00 N'- O.qqe9! 0.97997 0.98817 1.01681 0.97184
10 4.3351"-03 5.50S3"i00 Nm 0.99938 0.98648 0.99323 1.OOq6a 0.98375
19 4.9O00"-.3 5.5518"+00 r41, 0.99962 0.99299 0.9q589 1.00586 0.9qooq
20 4.8450"-03 5.59'45'too 114 0.99984 0.99700 0.99824 1I.0151 0.99575
21 5.1000"-03 5.61119"+00 Nm 0.99995 0.94900 0.99942 1.O400 0.91858

O 22 S.3550o-03 5.62%1"00 JIM 1.00000 1.00000 1.00000 1.00000 1.00000

I11PUT VAP4A0LLS YV.1 A3SUML PaPI AND VAN DRIEST

56010501 NALLID PROFILE TABULATION 23 POINTTO OELTA AT POINT 22

I Y PT2/P P/PD TO/TOO ;4/14D U/U T/TO RHO/PHOD*U/UD

I 0.0000"s0O 1.0040"+00 NM 0.955q92 0.00000 0.00000 1.659?3 0.00000
2 2.5500"-04 2.09W5"+00 :4M 0.97525 0.56569 0.b62I7 1.37018 0.48327
3 5.1000I-04 2.3330"o00 Nk 0.97789 0.6|210 0.70606 1.33059 0.53064
4 7.6500"-0u4 2.6030,900 iIM 0.98064 0.05954 0.74894 1.28946 0.58081
5 1.0200"-03 2.8314'+00 NJi 0.98280 U.69708 0.1t144 1.25667 0.62193
6 1.2750"-03 3.049Ot",U( JIM 0.98476 0.72993 0.00885 1.22790 0.65871
7 1.5300"-03 3.2680"+00 Nq' 0.98662 0.76173 0.83449 1t.2n16 0U.9532
8 1.7850)'-03 3.4665"400 Nv 0.98822 0.78936 0.656006 1.17612 0.7278?
9 2.04001-03 3.6o48"00l .4m A.98976 0.81595 0.87620 1.15A12 0.75985

10 2.2o50".03 3.8743"*O0 N1M U.99132 0.04307 0.89b11 1.129864 0.7Y315
II 2.5500"-03 ..0'÷40 NM 0.99286 0.67018 0.91545 1.10676 0.82714
12 2.0050"-03 4.2977"+00 NM 0.99427 0.89520 0.93276 1.08567 0.85916
13 I.0o00"-03 4.4860"+00 NM 0.99552 0.91762 0.94785 1.06697 0.88836
14 3.3'150'-0 4.6879"+00 1NM 0.9967q 0.94056 0.902A8 1.04803 0.91876
15 3.57001-03 4.0224*+00 NT% 0.99762 0.95568 0.97297 1.03566 0.93908
Lb 3.62W0"-03 0.qb9o"0+4 NM 0.99a46 0.97132 0.9824Z 1.02298 0.96035
17 4.0800"-03 5.0o'14+00 NK 0.99905 0.98227 0.95920 1.01116 0.97539
18 ,.3350"-03 5.1369"+00 NMu 0.99947 0.99009 0.90399 1.00789 0.98621
19 41.5ý900"-03 5,1758"+00 NIM 0.99969 0.99426 0.99653 1.0045b 0.99200
20 4.8410"-03 5.2149"+00 N1, 0.99992 0.99840 0.90006 1.00121 0.99782
21 5.1000"-03 5.21986"00 Nm 0.99994 Oq99q89 0.90937 1.00(183 0.99550

0 22 5.350"-01 5.79b+0o0 ý4m 1.00000 1.00000 1.00000 1.00000 1.00000
23 5.0100"-01 5.2247"+00 NI'0 0.99997 O.9qqqo 0.90969 1.11001 0.09927

INJPUT VARIABLES YM A3SUME PxPO AND VAN I)RIEST

58010801 NALEID PROFILE TABULATIONI 20 POINTS* DELTA AT POINT 20

1 PTŽ/P P/PD TO/TOD M/fID U/U0 T/TO RH U/RHO)*UUD

1 0.0000"+00 1.0000"too NM 0.95712 0.00000 0.00000 1.62866 0.00000
2 2.5500"-04 1.9892"OO lip 0.97521 C.55033 0.04959 1.16338 0.40645
3 5.1000"-OU 2.2551"t0o NI 0.97828 0.61185 0.70253 1.31838 0.53288
0 7.6500'-06 2.50>1"000 NiM 0.98087 0.65777 0.74430 1.28000 0.56130
5 1.0200"-03 2.73ý9"#00 Ntm 0.98312 0.69728 0.77877 1.24739 0.62432
6 I,27s0"-03 2.9469"÷00 NM 0.98511 0.73198 0.80793 1.21830 0.66317
7 l.56100-03 3.1519"tO0 tip 0.98688 0.76295 0.83309 1.19234 0.69871
. 1.850".03 1.3532"÷00 tM 0.96855 0.79231 0.85621 1.16779 0.73318
9 2.0400"-03 3.5667'.00 NM 0.99025 0.822a1 0.87901 1.10292 0.76908

10 2.29%0'-03 3.74851"00 14N 0.99164 0.84677 0.81719 1.1?262 0.74919
11 2.5500"-03 3.95680"00 NM 0.99316 0.47400 0.91678 1.10028 0.833?2
12 2.0050"-0) 4.0057"+00 JIM 0.99393 0.88788 0.92354 1.08897 0.0044
13 3.0000"-03 4.35034+01 ;lM 0.99507 0.92312 0.95064 1.06053 0.09639
14 3.3150"-03 41.5J5"too0 NM 0.99703 0.94447 0.96479 1.04349 0.92058
1 3.5700"-03 41.69051400 NM 0.99507 0.96369 0.977M3 1.02830 0.95034
16 3.82s0"-03 4.804"O+OO NM 0.99878 0.97704 0.98572 1.01783 0.9684517 4.0800"-03 4.V0230+00 NM 0.94935 0.98772 0.99241 1.00951 0.98306
18 4.3350*-03 4.9497"100 NM 0.91963 0.99306 0.99572 1.00537 0.99000
19 4.5900"-03 4,9925"400 NM 0.99989 0.99786 0.99869 1.00165 0.99704

0 20 4.1:4W0-03 5.0117"t00 NM 1.00000 1.00000 1.00000 1.00000 1.04000

I11PUT VARIAKLES Y:4 A5$UME PSPD AND VAN DRIECT
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1 7 .5, 2.75 3.7 5 5802
P THETA Y 10l"3 2 - 12

T 14 / T R : 1 .0-1* .PG - AW

Continuous tunnel with symmetrical flexible nozzle W H - 50,8 mm.
0.1 < PO < 0.8 MN/m2 . TO : 300 K. Air. B < PE/m X In"6 < 40.

STALMACH C.J., 1958. Experimental investigation of the surface impact pressure probe method of measuring
local skin friction at supersonic speeds. DOL 410.

And Fenter and Stalmach (1957)

I The test boundary layer was formed on a test block constructed as an extension of the lower half of the
contoured nozzle. This was attached to the flexible nozzle plate, and moved slightly in the axial direction

4 as the Mach number was varied. The boundary layer surveyed, therefore, had passed through a predominately
5 simple-wave expansion. Transition was forced by a grit-type trip, No calibration of the tunnel is reported,

but the author examined the characteristics of a larger geometrically and mechanically similar tunnel
running In the same Reynolds number and Mach nunmer range, and concluded that the flow would be effectively
two dimensional over a central strip wider than 50 % of the test block width, and so wider than the balance
element.

6 Wall static pressure was measured at tappings 0.406 mm in diameter on either side of the probe tip, The
test block temperature was monitored by a thermocouple which indicated that slight heat transfer occured
during the runs. Preston tube readings were taken with tube diameters of 0,305, n,508, 0.890 and 1.66 mm.
Direct wall stress measurements were made using FEB of the type used for CAT 5501 and described by Weiler
and Hartwig (1952). The balance element was 25,4 mm in diameter, and the annular gap was 0.127 mm.

7 Pltot profiles were measured with a CPP for which d 1  0 508, 1 n 10,2 mm, with a squarn cut end so that
B It could also be used as a Preston tube. The profile normal coincided with the axis of the balance. The
9 author found agreement between measured wall static pressure and free stream static pressure calculated

from Pitot measurements, and assumed, therefore, constant static pressure through the boundary layer, using
10 the Pitot-derived value, The profiles were reduced assumning constant total temperature. No probe corrections
11 were applied, and viscosity was cilculated from a 0.768 power 'law,

12 The editors have presented 16 of the profiles obtained, out of a total of 42, with associated CF values from
the FEB interpolated on the basis of R THETA values. The author's assumption of isoenergetic flow has been
replaced by the Crocco / Van Driest temperature-velocity correlation. The boundary layar edge state is as

13 selected by the author. The Preston tube date is not presented as it is not available in raw form. The
14 profiles presented form three groups, each covering a range of Reynolds number at Mach numbers of about

1,7, 2.1 and 3.7. The CF value is an interpolated valur from the balance measurements, by the editors.

§ DATA. 5802 0101-0306. Pitot profiles. NX - 1. CF values from an FEB measured separately.

15 Editors' commenta

The interest of this entry lies in the coverage of the post-transitional turbulent layer. Many of the profiles
show exceptionally small 'wake components", though as R THETA rises, the profiles may become 'normal"
(e.g. series 03. 0301-03 show tra. itional behaviour in the log-law region, while 0304/5 appear to be fully

developed).

The expriment was performed In a very small tunnel, and suffers from the small physical scale. In nearly

all cases measuremnts do not extend within the momentum-deficit peak, so that integral values should be
treated with caution.

The Mach number and Reynolds number range closely matches the flat plate tests of Coles - CAT 5301.
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Other comparisons are with Shutts et al. - CAT 5501 who used the same type of balance in a flat plate.

and Moore - CAT 5805 whose flat wall tests provide a repeat experiment In the same facility.

CAT 5802 STALMACH BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD * TI/YR* RLDZN CF * H12 11121 PW PD
x POD* PW/PDf RED2O CG H32 1432K Tw TD
RZ TOO* 3W * 02 PI2* H42 02K 11D TR

58020101 1.7300 t.0000 2.58180+03 2.5400"-03 2.7507 1.4975 1.9661"+04 1.9681"+09
N1 4.os0%se0o 1.0000 3.6804*+03 1t4 1.0060 1.797? 2.8576"+02 1.8S33+02
INFINITE 2'97302+02 0.0000 2.6230"-04 0.0000"40O 0.0700 3.1038"-04 •.•466"+02 2.8576"÷02

58020102 1.7440 1.0000 5.97485÷03 2.1300"-03 2.7044 1.4496 3.42314+04 3.4231"÷04
NM 1.8060",05 1.0000 8.53080+03 NM 1.8026 1.7943 2.8626"÷0? 1.,S27?*U2
INFINITE 2.9798"502 0.0000 3.4081'-00 0.00001O0 0.0709 4.1386"-04 4.7595"+02 2.86260"02

58020103 1.7390 1.0000 8.8590"03 1.9900"-03 2.6735 1.343 5.SI81"i04 5.5181"+04
NM ?,8893"#05 1.0000 1.2610+04 NM 1.8133 1.8068 2.9110"402 1.8879*+0?
INFINITF 4.02985"02 0.0000 3.2569"-04 0.0000"+00 0.0711 3,8746*-04 4.7907"+U? 2.9110"+02

5002'* 1 2.7350 1.0000 9.5940"+02 2.5550, 0S 4.5590 1.4980 4.2410+403 M,2411"*03
""1.0020"405 1.0000 1.99660+03 NM 1.8235 1.SOi1 2.7752"*0? 1.L857"+02
INFINITE 2.9597"#02 0.0000 2.24830-04 0.0000*+00 0.1137 3.1736"-04 S.9712"+02 2.7752"+02

58020202 2.7290 1.0000 1.5030+03 2.2350"-03 .5170 1.4b23 5.3471w.03 5.3413"+03
NM 1.3017"#05 1.0000 3.1238*÷03 NM - l.6134 1.7903 2.7631"+02 1.1636"*0?
INFINITE 2.946q"+02 0.0000 2.78881-041 0.0000"+00 0.112t 3.9996"-04 S.q526"+o2 2.763I÷uP2

58020203 2.7310 1.0000 1.8127"03 2.1150"-03 4.729 1.4389 b.22be"+03 b.2?2b-+03
NM 1.5145"#05 1.0000 3.80771+03 NHM 1.822c 1.80, 2 2.77b0'*02 IIgald+02
INFINITE 2.9603*+02 0.0000 2.9351-04 0.0000"#00 0.1135 4.1551"*-O 5.q6bu"+O e.776bO"÷2

55020204 2.7280 1.0000 2.96651+03 1.8400"-03 1,.4519 1.4215 9.0308"+03 9.0305"+03
NM 2.1951"#05 1.0000 6.15W+"03 iJM 1.8179 1.8012 2.7821*+02 1.1922"÷02
INFINITF .96664+02 0.0000 3.2085"-04 (I.0000"+00 0.1131 4.6906"-04 5.q171"+02 ?.7811"+02

58020205 ?.7240 1.0000 3.1394"+03 1.8150"-03 4.0825 1.4462 1.0)690+.04 • 0.694•0
fIM 2.58035*05 1.0000 6,.032'+03 Nt 1.8136 1.79'4 ?.8380"+02 1.2102"+02
INFINITr 3.02611+02 0.0000 3.0216"-04 0.0000.00 0.1127 4.3275"-04 b.0280+0*2 2.8380"+02

58020206 2.7550 1.0000 4.41690+03 2.WO0"-03 4.9562 1.4471 1.4399q0*0 l.93'9'+UO

Nm 3.64781+05 1.0000 9.2577"+03 NM 1.8128 1.7938 2.7871"+02 1.lF12"÷02
INFINITE 2.9742"+02 0.OOO 3.o031S"-O4 0.00004+00 0.1137 4.3778"-0o .0n313"÷O 2.7877"+02

58020207 2.7390 1.0000 5.8533"t03 1.5150*-03 .55006 1.4642 2.1221"÷04 2.12221"+0
NM 5.2459"*05 1.0000 1.2154"+04 NM 1.809i 1.70ob 2.8446"+02 1.2134"÷02
INFINITE 3.0339'+02 0.0000 2.8231"-04 0.0000"+00 0.1129 4.0811"-04 6.0492"+0? 2.6B46"+02

58020301 3.68, 0 1.0000 7.0193",02 2.0000"-03 6.0681 1.4097 1.7188"+03 1.7180"÷03
NM 1.6976*+05 1.OOuO 2.1353".03 NM 1.8409 1.8139 2.75334+02 8.0223"÷01
INFINITE 2.9798"+02 0.0000 2.40632"-04 0.0000"+00 0.1299 4.1082"-04 6.6157"+02 2.7S33"÷+2

58020002 3.,720 1.0000 7.1329"f02 1.9900%-03 6.7973 1.403d |.7387".03 1.7387"*03
NN 1.60881+05 2.0000 2.1385"#03 HM 1.8452 1.0217 2.1614"÷0? 8.0631"÷0l
INFINITE 2.9881"+02 0.0000 2.4977"-04 0.0000"+00 0.1400 '4.1610-0 6.6192"+02 2.7614"+U?

58020303 3.6630 1.0000 1.7028"÷03 1.4550"-03 6.7481 1.3948 4.381q"+03 4.3019"+03
NM 0.2032*t05 1.0000 5.0735"103 NM °.8494 1.8295 2.8002"+02 8.22bV,01
INFINITE 3.0298"+02 0.0000 2,41886-04 0.0000"÷00 0.2401 3.9909"-04 6.66W+7"02 2.8002"+02

58020304 3.6070 1.0000 2.7139",03 1.3060"-03 7.U169 1.4658 5.4238"÷03 5.4238"#03
NM 5.2316"*05 1.0000 6.13$49"03 NM 2.8O10 1.7698 2.7385"1+2 8.0315"÷02
INFINITF 2.%31"÷02 0.0000 3.02O"-04 O.O0000+00 0.1365 5.5175"-04 6.590"÷02 2,7385"*02

5802030S 3.6510 1.0000 3.479940O3 1.2400*-03 6.8839 1.4016 7.765S"903 7.7655"+03
um 7.6377",05 1.0000 1.0040",Oq NM 1.270 1.8075 2.7945"+02 8.1516"÷O1
INFINTE 3.0942"+02 0.0000 2.7588"-0A 0.0000"+00 0.1380 4.2810"-04 6.6634"t02 2.7945"÷02

50020306 3.6810 1.0000 5.4'276+03 1.2200"-03 6.9605 1.4281 7.6736"#03 7.673b"÷U3
NM 7.S4721*0S 1.0000 1.0480"eOO NM 2.149 1.7908 2.7919"+02 8.144V+01
INFINITE 3.0214"+01 0.0000 2.79I8*-04 0.0000"+00 0.1379 S.0045'-04 b.6604"*OR 2.7919"÷02
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S8020201 STALYA0h PROFILE TAIOULAT0(1J 23 P01(405, DEIA AT PUINT 23

1 y T?/P P/PD TO/TOO (41f(o U/UI) 7/It 0H0/9?HOD*U/UD

1 0.00OO"fo0 I.o0000'.00 (dl' 0.93767 0.00000 0.00000 2.3004h 0.00000
2 2.54)0"-Jl( S.05152"+O0 t1W, 0.96602 0.51261 0.b04410, 1.73080 0.389b14

.0 3.0480"-30 S.6371"Ao 1(1' 0.97066 0.56b961) 0.72751 1.b3100 0.44605
' 2~b"01 3.5500,"00& 5.r fo I 0.97d42 0.5q0159 0.7qbb9 I.s93o0 0.4b871
5 4u,106I0-0'J .1 1,23"t~o N," 0.97005 0.61207 0.7b399 1 *59An5 0.0035
1) 5.334D"-0'4 u.'(J?0"40 Vit 0.97068 0.f60700 0.7Q.290 1.,09171 0.W.901
I o.a00,0,-Oq IJ.3178"fuo rim 0.97854 O.t,69A'i 0.130977 1 .,I)1607 0 .5S468
a 1.87V0"-Du0 5.0j00-ta0 lOw u.9?Q90 0.6a775 .21 1.113231 0.57466
9 11.041110-03 5.o3O2"+nn N" o.98j05 0.73053 0.85332 1.36441 0.ha501

10 l.29541'-01 b.1224"+00 1414 0.98350 0.71,14(0 0.87604 1.31172 0.66786
11 I.So~qJ"-3 6.6827"vi0 144 0.98807 0.50219 0.u9923 1.256s5 0.71563
12 1.80341-03 7.265+ 00 i44 0.q9900 0.83B03 0.92019 1.2055b 0.76324
13 2.0574J"-03 7.8784"tl0 14 P 0.99288 0.871.o2 0.94114 1 .15315 0.81blo
10 2.31141-01 6.39hz."90 NM 0.99473 o.90076 0.9961d 1.1133b 0.85916
1s 1.5654"-03 11.78W+400 Jim 0.911602 0.92570 0.96759 1.08549 0.89138
16 2.51941-03 Q.Ob8j"+00 1," 0.99093 0.9'4442 0.97508 1,06597 0.91473
17 3.0734J'.03 9.o235"t(W0 14M 0.99803 0.9b3a0 0.98400 1.~04444 0.94398
to 3.3274"-03 9.32l-00 (J 0.99835 0.b9b96 0.98669 1.03545 0.95291
19 3.6334"-03 1).8;71"+00 N'.' 0.9q941 0.98903 0.99527 1.01265 0.90263
40 4.3434".03 9.9907-+Oo NY. 0.99969 0.99415 0.9914') 1.00673 0.99082
21 41.151A'.o3 I.0072"+01 ((i. 0.YqOqo 0.99611 0.99922 1.00210 0.90713
24 5.35941-03 1.fl093"401 rim 0.99996 0.99'027 0.119969 1.00084 0.99585

0 21 5.6674"-03 I.0107"+01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPJT VAR003LLS Y*~A OOSAME PaPO

58020203 STALMACii PROFILE TAFIULATONN! 20 POI1iTS DELI A AT POINT 20

I y PT2iP P/P30 TO/TOD M/MO U/uI) T/TD) RI4O/RIlI00U/U

I 0.O000"#00 1.00((0"00 N4 0.93774 0.00000 0.00000 Z.33654 0.00000
2 2.5100.0'-O 2.7100"*00 til 0.9bol0 0.47565 0.J61710 1.794085 0.39551
.0 3.01480"-u4 1.96W40f0 NMA 0.9661'3 0.51410 0.07553 1.7P2662 0,39124
.4 .1.SS60"-uil S.2660"400 N4 0.96785 0.53497 0.09547 1.60001 0.41151
ý) 0.0600,-u9 1.32%11"40U 1W 0.96830 0.54006 0.7`0b,'2 1.68040 U.41602

b S.1140'-04( 3.6332'400 Nim U.91070 0.57012 0.727614 1,62896 0.441171)
7 b.bOOO''ua 3,1i9$q"+O Jim 0.97260 U.59029 0.74813 1.561428 0.47110
0 7.0740"-04 4.3371-+00 rim 0.97562 U.63200 0.78003 1.5233e 0.51206
9 I.jg1Q'-u3 J.1896"+00 h710 0.97805 0.66062 9.130862 1.116262 0.5521(6

10 1.29511-03 S.1321"+DO NM 0.98000 0.04998 O.U2810 1.41991 0.58324
11 I5494"-03 5.65071+00 JIM 0.98320 0.73306 U.85465 1.35955 0.62863
1 2 1:00310.93 b.1063"+0 Nim U.98550 U.76492 0.81589 1.311111 0.66601
13 I .0974'-O3 6. 59 S0 " + 0 lip 0.Y8775 0 .79q7 51 0 .t') e)23 5 1.2629S 0.70965
14 .I1~J 6.0672*+Uo NM U.98917 0.82168 0.91003 1.228?1 0170144i
15 d.56SP'03 7.4198"+00 NM0 U.qq160 0.85610 0.9)049 1.18034 0.781799
lb 2.8194"-03 6.0145".+(0 14M 0.99305 0.88576 0.94b96 1.110055 01,82939
17 3.07i'1*-03 6.3517"+OO lip 0.99465 0.90553 0.95609 1.11479 0.85760
10 3.3V701-03 6.74601+00 I111 0.19591 0.92787 0,96713 1.08611? 0.89020
19 3.56I4'-03 9.0416"+00 141, 0.99693 0.90030 0.97500 1.06599 0.919465
20 o.0890'-Os q.se6q"+oO Jim9 0.998,59 0.97400 0.981(62 1.03024 0.95960
21 4.5970'-01 q.qo01'400 NM 0.90995 0.99085 0.94605 1.01053 0.98W6
22 5.l054*'0S I.0O9'q,01 N4M 0.99980 0.99634 0.99114.11 1.00420 0.994?S
23 5.b130'-03 1.0037"M0 NM0 0.90988 0,99790 0.99900 t.00215? 0.99b55

0 20 6.12141-0S 1.0074"M0 NTMv 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VA414OLLS Y,-A A33UME PuPD 0411) VAN ORICST

1580204(17 STAL-ACh P'I0FILE YARJLATIO'1 P1 POINTS, LUCLTA AT POINT 21

A PTR/P P/PDn I3/TOD Wl)M 0/kD T/10) RNO/4HMD*(U/U0

I 0.o000u"+00 l.n000'+00 NIA 0.lO7i9 0.0O00lO 0.00000 2.34018 (1.00000
2 2.54000'-04 Z.IU7i3400 111A 0.96283 0.47391 0,6359'4 1.80066 0,35317
3 3.048(1"-04 3.0141"*00 I.'A 0.96558 0.,50176 0.66967 1.74106 V.181454
3 3.5sb0'-oO 3.2100+400 N4M 0.96723 0.52761 0.68012 1170S5s 11.40395

5 4.064n"-00 3.002(1'+(1 (414 0.96878 0.50651 0.10690 1.6725 0.02260
(A 5.334U"-04 1.7'4s0'+00 141 0.07140 0.57900 0.73o004 .()1605 0.05546
7 6.0040".00 A.0029*fl0 rim 0.97322 0.60171) 0.75558 1.576886 U.07916

3 .87400-09 0.?1qbq+,0 Nim 0.97410 0.62031 (0.7710b 1.50511 0.49903
9 9.1440O"-04 4,4384'+00 NI1 u.97612 0.638591 0.18575 1.51036 0.518116
10 116680-~03 4.9165'tg0 N4. 0.97905 0.07653 0.81503 1.4513b 0.56156

1 .22" .i765*+690 (Jf 0.98165 0.71126 0.80018 1.3q$37 0.60212
12 1.064".U30 5.6514"tou N"l 0.98413 0.745SO 0.86357 1.30181 1.15056
13 I.9s09'-03 6.3L414*600 !Jb! 0.98647 0.77869 0,88,J95 1.29155 0.68519
10 i!.14110-1,13 6.0415"ti)0 N"' 0.98671 0.81172 0.4050i 1.20318 0.719801
15 2.4384"-03 7.33944.1(0 ((1" 0.99074 0.002S4 0.92260 1.19957 0(.76921
16 2.6920'.08 7.8360M)~ 11M 0.99265 0.87264 0.0919a 1.15800 0.81077
17 i2.9964"-03 4.3269'00 1" 0.99000 0.90130 0.95012 1.1?053 0.85109
lu 1,5 144 "- v3 9.127z"t00 111A 0.99766 0.9s719 (J.06101U I.05007 0.93391
19 3.9620'-03 9.8010"+00 rim 0.99906 0.98253 0.90203 1.02027 0.97272
.20 4.d1704*-03 1.0087"M0 Jim 0.9q997 0.99150 0.99893 1.002a7 0.99608

0 22 4.971110,-0 1.01351+01 (3M 1.00000 1.v0000 1.00000 1.00080 1.00000

INPUT IJA)CAJLLS 'VU/UD (13IEflCROERTTC1 A33UFIL PxPil AND1 VAN DRIEST



5802-C-22

58020301 STALNACII Pfi~rILL TAr)ULAI1JOIJ 13 000' rS, jELTA Ay Pt,1NT 18

I y T 21,P P/Pf) Y I/T91) '1/20D J/llf T/l I/)~ R4HO/RII0j*d/IUDl

I 0.0O006"too 1 0000,+00 141 41.9241110 0.00O00 0.00000 3.43261, U.00000
4 2.514301-Ou 3.71546"'00 .11 0 . 947 ti 0, 41160 0.66331 2 .3bp no 0 .28 ()A
3 L).9718"-04 0.I109"foo :JP 0l.'T0?a 0.45793 1.1.0038 Z.a7291, 0.30374
'4 S.4796)".4 4.11133"+00 JIM 0.06200 o , '5o3 0l,/0 71 ; e.al50v 0.311)11

5 .98YI'3 -0 4 .808'i" 009 JIM 3. 964?2 0 . 49174 0 .7?750 2.1J1"88 0.3391)8
b 4, .4`158-04 5 .1bI5"9 15"+o J J.1)6015 0.51 62) . T'14500 .2.3)p?2? 0.3S779
7 S.76538".04 5.65se"Iloo l* 0.96866 0.S4370 0.766P26 i.qqbhl 0.308178
0 7,033~8"-04) h.026'4"O00 IM 0.970613 0.146298 0 .7A3715 10~38 1 0.04O3g
y 8.3058"-04 b.40,46b1"a 1)14 3.9721)0 0.501011 0.798$7 o.d9189 0.4a202
10 1.0846"-01 f.10,0 ill' 0.97,)17 0.051 .822q1 1.78514 0.146018
I I L . Mb".-ul 7.8477"#1)0 lIIP 0.978P,9 0.114929 0.1:1151 1.1)'11513 o.,1q65
id 1.9736"-03 9.9q47"#00 fPil 0.9'0512 0.1106o U.04675 3.h17621, 0.6071,14
13 2.b086"-.03 I.)884..,ol :111 0.989111 0.81)809 0.93055 1.3pl607 0.70174
I'4 5.2'13b"-03 1.3904"$01 1114 0.911187 0.77 U.91;885 1.14602 0.80170
11'ý 1.8786"-03 I.5'387"+DI V'I 0.9966'1 0.92888 0.977hl 1.10768 0.88255
Ib Q.,513tb"-Os 1.68'47".fl flkl 0.99862 0.96960 0.9908"i 1.044131 01.8418m0
17 S. 1486"-S 3 1.7594"o0 I JM 0.Q999!11 0.118996 0.90)70)) 1.01437 0.9A292

D 18 5.7816"-01 1.7941',0I ;1. 1.00000 1.00)000 1.000n0 1.00004 1.00000)

IINPUT VA110110L~ YPU/U1) (IOOEIIRGETlC1 ASSUIAr PxPD AND VAN. DRIEST

$60.01040 STALmACII PRIF'ILE TAHUILATION 23 PULNTS, DELIA AT POIs4T 23

1 PI I/ P '/ro 00/ TO') IWID U/f 1.11 /TI) RHO/91100,LJU/

I 0.00J0"Iloo t.0000,#In 'Im 0.924t') 0.00000 0.00090 3 .110961 0.00000
4 2.s5'l70-00 2.0977"f000 111. 0.90577 g .36976 IJ92 16 2.56070 0.210891
3 S.0480"..00 3.404600,'f0 NP) 0.95490 0.40879 0.u371S !.43061 0.2h?.20
4 S.5560"-Qu 3.5sw)4go W4 0.95630 Q.8?104 0.450110 2.3114110 0.27240
S 4.0o.4o00OQ 3.7ijWqt,0 fill 0.95752 0.310 0.16305s 2.35030 0.28211
6 5.1340"-04 'J.1213"ll0 Ilm 0.96011 0.8'0708 0.L,883,5 2.26IQ3 n.303%1
7 b694o'I0-u% 4.9076"lln0 14W. 0.96197 0ý0J504 0.705J98 4.20ei67 0.314164
8 F.87140'-04 8.7070"+00 Jim 0.9b382 0.49313 0.72306 2.149504 0.331:32
9 1.0941q"03 1S.S1,19"too Jim 0.96727 0.52777 0.7538'.) 2.04027 0.36949

t0 1,29.54l.03 '0.98`116"ll NJI 0.97022 0.55852 0.17923 1.94652 0.140032
II l.S40I9l.03 6.4778"+00 lip 0.97297 0.58827 0.81312113 1.854212 0.431113
to 1.30138-03 7.2582"f00 :wl, 0.97628 0.62539 0.0al858 1.7538 0.4)7203
Is 2.057'I"-03 7,8.1066'00 lip 0.97883 0.651,6 0.8)45#13 1.bcslil 0.'50175
14l .. 3011J-03 8.66Id"IloJ NJM 0.98137 0.68831 0.86850 1.`54209 0.5')5j51
is 2.W6'1-03 q.3417"#00 NMU 0.9015J4 0 .7 16.! 0.011409 1 .512ba 0.51926
16 2.6114"-03 1.110fl ll 0.9)5539 0.78..'13 0.1q8'4o 1.46450 0.6134Y
17 3.013i4*-03 1.07661+01 tim 0.98741 U.77174 u0.9 1320 1.440018 0.6104,20
to 3.ýZo"-03 1.18101+01 1114 0.9,3955 o. 80120 0.93064 1.31.168 Q.70S60
19 J.OSII'j0-03 1.3590'e01 Um 0 .99309i 0.87009 0.99610 1.doh'il 0. 792451
?o 4.$310-4 S8 1.113761+401 Nil 0.gq9657 0.92786 0.97712 1.10900 0.s8108
41 41.11S10-03 1.686401l IIM U.998178 Q.473114 8.99189 1.030492 0.95470
ale s.3594'-03 1.76'13"+l N"I 0.99982 0.'J9Ogb 0.993111 1.00573 0 1993t2

0 23 5.3670I-03 1.7732'+OI Ill, 1.00000 1.00000 1.011000 1.00090 1.00000

11NPUT VAqIADLL3 YoU/IJO (IST0NERGEI'0C1 ASSUME4 PxPD AND VAN DRIESIT

55020306 STALMACH PROIFILE TABULATION Io POINTS# UELTA AT POINT 16

I y PT2/P P/P0 TO/TOD 1-1/14D U/U)) 7/101 RHO/wHOD*LJ/U[)

I. 0.oooo0.o 10.ooo.#Oo NM 0.92403 0.00000 0.00000 3.dia812 0.010000
2 2.5400"-04 3.1002"+00 Ilk' 0.95201 0.3A495 O.O61122 2.5a101 0.24245
3 2.91101".04 3.3569*+00 NM' 0.95441 0.80342 0.63237 k.'IS712 0.25736
4 3.8790"-04 3.6'110400 NM 0.95655 0.4?355 0.65051 2.381796 0.274o9
5 3.9878"-04 3.9771,400 NM 0.95897 0.44604 0.0781'; 2.31148 0.29338
IA 0.4958*-04 4I.2233~0*0 JIM 0.96062 0.46190 0.69402 2.2`5649 0.3117281
7 5.00s8"-04 0.2'187"#D0 Ilk 0.9607b 0.46114 0.6953(1 2.255412 0.30888
5 6.27J6*-044 4.65491*00 NIM 0.96334 0,80.J13 0171934 2.17168 0.33124
9 1.543111".0 41.6600"+0O NM 0.96456 0.30014 0.73040 R.132784 0.310287

10 6.0136"-04 S.15171#00 14M 0.96622 U.11472 0.74510 2.07978 0.35830
11 1.13W-1~03 5.7690+4O0 NIM 0.96946 0.111012 0.77331 1.97606 0.341311
12 1.3194"-03 6.51`541+00 N4M 0.972q7 0.50790 0.80263 1.86389 0.43062
03 1.6434*-03 7.14831+00 1dM 0.97565 0.61800 0.02423 1.77838 0.46350
14 2.2188'-03 9.0762*+oo NM 0.9R246 0.70200 0.07700 1.56055 0.5614:19
IS 2.9134o*-03 1.0222*+01 NM 0.96831 0.708490 0.91948 1.373950 0.66973
16 3.5464'-03 I.3s80"+01 N4M 0.99324 0.86550 0.95446 1.21613 0.78483
07 4.8154".03 11.7409"+01 NiM 0.99934 0.98540 0.q9457 1.Oi2097 0.97523

0 Ill 6.0504,-Ol 1.7905s"01 NM 1.00000 1.00000 1.00000 1.00000 1.000n0

INPUT VARIAZILES Y*U/UO MCIONERGE11C) ASSU14E PoPTO AND VAN DRIEST
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M :1. 7, 3.6 and 4.-8 1 580*3
R THETA X 10 3 26 - J5

TWI/TR : 1I

-~~~~ ______ 
-. 

. j P AW

Continuous tunnel with asymmetric flexible nozzle. W - H - 0)15 m.

0.2 < PO < 0.64 HV/m
2 . TO ; 300 K, Air, dewpoi'rt 245 K. '.0 < RE/m X W'"6 3n.

KISTLER A.l., 1958. Fluctuation measurements in superosonic turbulent boundary layers. BRL Rep 1052.

And Kistler A.L, Private communication. Also Kistler (1959), Kistlrr and Char (1963).

I The measurements were made at a single station on ilis flat wall opposite the flexible nowzlo platv. The

test surface was allowed to settle to an oquilibrium temperature which was within a few degrmes of the

adiabatic recovery temperature. The surface was polished to a mirror finish. The free stream M rch number

2 was constant within t 0.02 after the termination of the nozzle expansion. at least 0.5 m upstreaml of tiht

3 test station. Boundary layer profile and hot-wire surveys made to check transition showed that this took

5 place near the tunnel throat. Three dimensional effects were small in the central region of the tunnel.

Mean velocity profiles taken at 25.4 en, intervals in tae 7-direction were identical within .voerimental

accuracy, and nil and lampblack on the floor diS riot du1icloso any secondary flow,

6 Static pressure holes (d - 1.02 mm) were distributed at 25.4 inn intervals along the centre-line of the

floor, The wall temperature was monitored by a thermocouple at the Measurinq station, but buried some

7 distance from the surface, The total temperature profile wais obtained with 3n FWP consisting of a 0,5 own Pt

wire used as a resistance thermometer, TO was found from the recovery temperature using the date of Laufer

and McClellan (1956). The FPP used (h 2 * 0.127, b - 1,21 teyn) was forned by flattening a hyjtodermic needle,

The hot-wire probe was operated in the constant cuyravit mode. The equipment used was basically that

described by Kovasznay (1953) with modifications to increose the frequnncy response and improve matching

with the 1,27 pm Pt-Rh wires employed, The length / diameter ratio was about 200. The co:npensated fraquency

response of the wires was flat to approximately 90 KlHz.

9 The author has interpolated the TO data to the y-stations of the Pitot measurements. The hot-wires ware

operated in ten states, of which seven are in principle redundant, so as to allow separation of the

fluctuation modes by fitting the data to a response characteristic based on the hypothesis of small

pressure fluctuation levels. The questior is discussed in Kistler and Chen (1963). ihe friction velocity

used for scalino the fluctuation results was obtained from a (:orrelation of published data and checked

by comparing the resultinq transformed velocity profile with the profiles obtained by Colea; (1968$), The

12 static pressure was assumed constant through the boundary layer. The editors present the dato inc'orporating

all the uuthor's assumptions and data-reduction procedures.

13 Three mean. flow profiles are presented, each for a different Mach nuumber but at approximately the saie

14 value of R THETA. The associated fluctuation data is given in section 0, The CF value is the author's

estimate, determined accoraing to Colas (1953).

§ DATA 6803 0101-0301. Pitot, TO and fluctuation profiles taken separately, NX - 1,

15 Editors' comments

These are the first available systematic hut-wire measurements at supersonic speeds. Even now there are few

comparisons, and the Interpretation of the measurements retrains controversial. Substantial contributions,

in each case at a tingle Mach nutber, have been made by Horstman & Owen - CAT 7205 and Lededanmn Deertriades

- CAT 7403. Supporting tabular data are slue given In association with Sturek & Danberg - CAT 7101 and

Waltrup & Schatz - CAT 7104.



,

The nithor's "delta' valus Ii obtmined by extrapolation of the semi-logarithmic part of the profile to

meet: tho free-stram vslocity, and consequently corresponds to a value of Y which is large when compared

to that obtained ts a rexult of the definitions used by most authors. Arguments based on the y/6 positions

of turbuleiwe featurey should tahe account of this.

The tmourim•nti do mot exteid very close to the wall, Including only the outer part of the log-law region.

There are to Values mesured inside the anentum deficit peak. The profiles display an unusually large wake
cr.~ponenit.

CAT B603 tI13rLER BOUNDARY CONDITION8 AND EVALUATED DATA. $I UNITS.

RUN MD * TM/TR RCD2W CF H 11Z H12K PW PD
x PODA PW/00* RLD2D CO H2 HI32 Iwo TO
RZ TOD* SH * D.? Pie M42 D2K UO TR

58030101 1.7200 1.0037 ?.Hb~o'+44 1.5600"-03 2.8441 1.41907 3.9110*+04 3.9310#+04
"NM 1.9g995o+5 1.0000 3.507P4'04 NM I.81b7 1.8314 2.9100"102 1.69WI.02
INFINIIE 3.01t0o0Q2 0,000C 1.300a"-03 NM 0.0060 1.5247"'-03 ,.7424"402 2.8936"#02

%8030?01 3.Stoo 1.0305 1.16970#04 9.4200"-0' 7.1477 1.4270 A,8170"+03 4.8170403
4NM 1.qqTi',os 1.0000 S.43170+04 NM 1.8176 1.7916 2;86001+02 S.5510*O0
INFINITE 3.0200"tO2 0.0000 ,62094-03 4M 0.0033 2.69741-03 6.5976*+,2 2.79•2oeso

11030301 4.6700 1,0451 5.7460+03% 7,8600*-04 11.3413 1.4725 1.7929"÷03 1.79•9N+03
HM 6.39951#05 1.0000 2.56494+04 NM 1.8164 1.7806 2.870O**02 5.54524+01
INFINITE 3.0000*#02 0.0400 1.315"-.03 NM 0.0013 3,0526"-03 7.0038*#02 2.7462*+O?

-IT
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58030101 K(ISTLER PROFILE TABULATION' 16 POINTS, DELTA AT POINT 16

I y PT ?./P P/TO TW/OO :i/:.ID 0/UD T/TD P HO /RII0*uU IO

1 0.0000"*00 1.6l000"400 NN 0.00000 0.00000 0.00000 L.538110 0.0)0000
2 1.2677"-D3 2.1 APB" tAO NIA 0.9)9700 0,63953 0 . 7 290 1 .27770 0.56578
3 2,52'48"-U3 2.3ulr2"1-00 NpM 0.919800 0.69360 U.77102 1.23652 0.62375

it 4 80D9"-03 2161741"400 fil 0.90700 0.73721 0.130783 1.20078 0.6727t)
5 5.0031"-01 2.79111"+T0 NM 0.99950 u.77(03 0.83613) 1.17090 0.110615
b b.3297"-03 2.97Wo",fo NfM 1.00100 0.80174 O.db137 1.15,427 0.7062'
7 7.6098W-03 3.146'#Do.0 NM 1.00100 0.83023 0.88322 1.13172 0.78002ý
8 8.3900'-03 3.462b" +Ou 14M 1.00100 0.87965 0.91961 1 .09790) 0.8u103
9 1.015s2"-02 3.sV79"+T0 N. 1.00200 0.88953 0.92712 1.08620 0.85348
1o 1.11971-02 3.69251+00 fNM 1.00300 0.913415 0.90470 1.06P.01 0.88421
I1 1,26Y7"-Qi 1.6620"+00 NM 1.00200 0.93817 U.96089 1.04856 0.91638
12 1,3957"-02 4,0110-to0 tip 1.00100 O.9s930 0.971233 1.031`58 0.90451
Is l.'320"-Oa 0.lo6s,*O0 NM 1.00100 0.97791 0.9~b00 1.01753 (1.96945
10 1.o535"-o2 'o.2109)"+0 101 1.00100 0.981,63 0.99203 1.01098 0.98125
15 1.1730"-02 4.30?1"+00 14M 1.00050 U.99884 0.9'4952 LOTII?7 0.99816

0 16 I.89sb".02 0.3108"*00 NIM 1.00000 1.00000 1.00000 I.na000 1.00000

INPUT VOOZALILLS Y/OELTAMsY0/TOO A3SUME PxPI)

58030201 KISTLER PROFILE TABULATIONl 17 POINTS, DELTA AT POINT 17

I Y PT7/P P/PO TO/TOO 14/1D U/LilT T/TO RHO/RHOD*U/UD

1 0.0000"+00 1 .0000"+00 14M 0.00000 0.00000 0.00000 3.370)6b 0.00000
2 1.0135"-03 2.7459"*00 NM 0.97500 0.36798 0.5A9412 2.56574 0.22973
3 3.5471"-03 4.2b721+00 NMA 0.98500 0.48034 0.71195 Z.10691 0,32407
0 6.068*8-03 5.2880+00O NN 0.990100 0.54213 0.768123 2.00711P 0.301264
S 8.4144"-03 6.3827"+00 riM 0.90000 0.60112 0.81401 1.83385i 0.44390
6 1.1108*-02 7.S9PU"t00 14M 1,00000 0.6b011 0.85550 1.b706Q 0.$0935
7 1.3625--02 9.91hlt-40 rim 1.00300 0.71910 0.80073 1.s3&020 0.58054
8 l.62b9".02 1.035'S*t01 NM 1.00300 0.77809 0.92025 1.39878 0.65789
9 1.8749"'.02 1.122840+l 101 1.00400 0.81180 0.935614 1.3289% 01.70420

10 2.133b"-02 I.3492"+Ol N4M 1.003no 0.8932h 0.97044 1.17299 0.82477
11 2.3736-02 1.4662"t01 rim 1.00250 0.9325a 0.98068 1.10581 0.581168
I2 z .6903"-02 I.`5530"fI )4m I.00D200 0.9606? 0.98938 1.0)6064 0.93281
13 2.8804"-02 1.s973"**1 rim 1.00000 0.97472 0.99265 1.03713 0.95711
14 3.1471*.02 l.6332"t01 NM 1.00000 0.98596 0.99t597 1.020411 0.97600q
15 5.3871*-02 1.6513"#0l 14M 1,00000 0.9`4157 0.99759 1.012?18 0.q8559
I1b S.027 I w-2 1.6577"l'0l NiM 1.01)000 Q."1354 0.99816 1.00932 01.98090

D 17 3.5938"-02 1.6787"+01 N4M 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIAABLES Y/OLLYAMTO/Tot) ASSUME PxP0

58030301 KISTLER PROFILE TABULATION 21 POINTS, DELTA AT POINT 21

I y P72/P P/PD TO/TOD MIND U/UD Y/To RHO/RHOO*UUD

I 0.0000Oi'00 I.0OOOO+Oo NM 0.00000 0.00000 0.00000 5.12"40 0.00000
2 1.6065*.03 3.4971*+00 NM 0.96S00 0.32391 0.61228 3.53593 0.17332
3 2.b201-03 Q.10181#00 N4M 0.97000 0.35003 0.115391 3.33582 0.19603
4 t.9431"-03 4.15521+00 N4M 0.97300 0.39400 0.64491 3.11070 0.22339
5 %.2578-03 S.0861*400 N4M 0.97800 0.102164 u.721482 2.95230 0.205s1
6 6.2801"-03 6.0593"4'00 NM 0.96000 0.44so0 0.7475as 4.81703 0.20517
7 7.591160-03 1I.AM9"'p0 11M 0.98500 0.41537 0.77527 a.t,5972 0.29149
8 6.6149"-03 7.0Z02"+00 N4M o.9atoo0 0.09722 0.74301 2.50372 0.31175
9 1.0282"-02 8 .64W+M00  NiM 0.99200 0.539410 0.825143 2.3107P 0.35249
10 1.1976'-02 1.0004"01po NM 0.99000 0.5a200 0.85309 12.10011 0.397?6
11 1.3sB3".02 I.1452"M~ NW 0.99900 0.62527 0.879113 1.97944 0.44436
12 1.6942"-02 1.10970"+01 rim 1.00300 0.71734 0.92355 L.65753 0.55718
13 I.5690".02 %.b6851*+1 NM 1.00300 0,76381 0.940051 1.51716 0.62011
14 a.0389"-O2 l.6604'4-+ NM 1.P0510 0.81006 0.9sb64 1.39521 0.685a0
I5 e.3719"-02 2.;!Z9"+Ot NiM 1.08500 0.65114 0.97W6 1.Z28411 0.79503
16 2.7105"-02 2.4774"+01 NM 1.00500 0.93U01 0.90030 1.12831 0.87591
17 4.a6,eb".02 2.50209+01 NM 1.00000 0.941607 0.911933 1.09262 0.90546
18 3.271%"-02 2.66521*0I NM 1.00000 0.96938 0.9040? 1.05159 0.90530
29 3.56.616-02 2.7592"A01 NM 1.00000 0.98257 0.99b74J 1.02842 0.96909
20 &.91401-02 2.41866'O1 NiM 1.00000 0,993s8 0.99879 1.0t453 0.98839

D a I 4.2607-1)? 2.45'J5"0*0 NM 1.900000 1.00003 1.00000 1.00000 2.00000

INPUT VARIAOILE3 Y/DELTA,MTO/TOO ASSUME PsPD
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TABLES OF REDUCED TIME-MEAN FLUCTUATION QUANTITIES

Velocity Fluctuation Static Temperature Temperature-Velocity
Levels Fluctuation Levels Correlation Coefficients

y/6 1_ y/ A- - To T +Tý TTU

58030101 M6 - 1.72 u, 16.66 m/s S - 17.78 mm
0.153 1.33 .122 0,042 0.161 - 0.566
0,159 1.44 .170 0,054 0.161 - 0.66
0.290 1.31 .255 0.053 0.270 - 0.71
0.353 1.27 .285 0.061 0.306 - 0.70
0.418 1.22 .346 0.065 0.45 - 0.76
0.619 0.92 .418 0.067 0.516 - 0,78
1.016 0.14 .479 0.067 0.75 - 0,76
1.016 0,19 .618 0.066 0.94 - 0,67

.891 0.040 1.08 - 0.62
1,018 0.016

58030201 M6 - 3,56 uT u 26.76 m/s 6 m 26.67 mm
0.135 1.06 0,139 0.061 .139 - 0.71

.135 1.11 .139 0.056 .139 - 0.74

.182 1.07 .28 0.064 .27 - 0.69

.540 0.91 .28 0.066 .41 - 0.70

.681 0.59 .406 0.478 .59 - 0.67

.816 0.32 .545 0.079 .68 - 0.66

.816 0.35 .686 0,072 .82 - 0.51

.960 0.13 .75 0,058 .95 - 0.47
1.09b 0,07 .83 0.042

.96 0,020
1.09 0.008

58030301 M6 m 4.67 u, * 32,07 mls 8 a 29.21 mm
0.071 0.99 0,066 0.047 0.067 - 0.58
0.130 0.99 .138 0.047 0.134 - 0.52
0.416 0.88 .186 0.058 0.306 - 0.54

.635 0.67 .308 0.064 0.428 - 0.68

.652 0.40 .412 0.084 0.58 - 0.69

.660 0.50 0.577 0.084 0.65 6 0.58
.825 0,22 0.657 0.080 0,83 - 0.52
.092 0.08 .836 0.049 1,00 - 0,47

1.00 0.018 1.08 - 0.47

The reference velocity and length (u. and 6) have the values qiVen by the author in
accord with his definitions.

4u etc. are more usually written u' etc.

I.
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rough M :2.2 an 2.7 5804

- R THETA X 0 3 : 8- 50

/PG (ROIUGH) AW

Continuous wind tunrel with fixed symmetrical interchangeable nozzles. W * 0.48, H - 0.7, L - 1.0 m.
D.18 < PO < 0 3 MN/m2 , TO: 340 K. Air. RE/m X 10"6 : 25,

FENTER F.W. and LYONS W.C., 1958. An experimental investiqation of the effects of several types of surface

oughness on turbulent boundary layer (hiracteristics at supersonic speeds. DRL 411.

The experimental arrangements were as for CAT 5501 and 5502 except that no balance measurements were made,
I and that the surface of the plate was further modified. In the initial tests (series 01) the entire plate
to surface was coated with spherical beads of 0.105 mm diameter, Pnd seven successive profiles wore measured

11 on the centre-liine from X - 194 mm to X - 804 mm, in increment. of 103 mm (see section B), For the remaininq

tests. the basic plate was modified to carry 16 different insert plates,

The roughness of the various inserts is described In Table I and the associated figure, with reference to

the normal zero plane of the insert, which was carefully adjusted to the plane of the basic plate. The
Insert extended from X - 230 in to X .140 mm, and was 3031 ine wide, as compared to thr overall plate width

3 of 483 mm. When modified to carry the in;orts, the plate had a knurled transition trip extendlnq transversly
across the whole width from X - 19 to 25 mm. This was formed by u standard 1/4 inrh knurling toul, The peaks
of the knurled region where about 0.13 smi high. Otherwise the surface of the basic plate was flat, as was

the first 72.2 mm of the insert, The first insert was completely flat, so that the model became a conventional

smooth flat plate.

8 Profiles could be measured on the normal at X - 296 mm, Just upstream of the start of the roughness 6n the
insert at X - 302 ma, and also on the normal at X % 804 me, just before the end ,f the rouighness at X - 840 •nm.

9 The static pressure through the boundary layer was assumed to be constant,

12 lhe editors have presented all the profiles for which tabulated data is availoble except one pair for insert
I at a slightly lower unit Reynolds number. The author's assumption of isoenergetic flow has been replaced

13 by the Crocco / Van Driest temperature velocity correlation, The profiles consist of the consecutive set of'

seven (series 01) on a close-packed spherically rough surface, and upstream and downst-eam profiles f)r the
varied roughnesses listed in table 1. These have been grouped as "series" 02, the upstrianm profiles, and
"series" 03, the downstream profiles. The profile identification number in each case is the number of the
relevant insert, All the Drofiles presented ware obtained at the same uwlit Reynolds number, su that in

14 principle the profiles of series 02 should be Identical, No wall data is presented.

DATA 5804 0101-0316. Pitot profiles. NX a 7 (Series 01), otherwise 2. Roughened surface,

15 Editors' comments

The entry describes a further systematic DRL attempt to describe the effects of roughness. For a complete
view of the programme to 1959, set Fenter (1960). In the tests with varied roughness inserts the boundary
layer was formed on a smooth "flat plate" leading edge with a trip, before encountering a step increase
in roughness. A recent series of tests of similar type, but made on a tunnel wall, is described by Red& (1974)

who was also able to measure the drag force on the second half of his insert. The absence of any shear stress
measurement In the tests described here unfortunately reduces the value of the data greatly, The uniform
roughness results (series 01) may be compared with those of Shuets i Fenter - CAT 5502 and Young - CAl' 6606.

For about half the profiles described, measurements do not extend within the momentum-deficit peak, so that
integral values should be treated with caution.



5804-A-2

DIMENSIONS OF SURFACE ROUGHNESS FOR PLATE INSERTS (Refer to figure 1)

INSEIT NO Type h (em) w (mm) d (am)

1 smoooth

2 Uniform (No 120 Aloxite, mean diametpr 0.185 mm)
grain

3 (No 220 " 0.15 am)

4 (No 400 " 0.024 wn)

5 (No 303 Optical grit, mean dIameter 0.013 imm)

6 A 0.51 (forward facing step) 0

7 B 0. 127 4.78 19.1

8 B 0.127 4.78 9.5

9 C 0.127 0.254 10.2 0

10 C 0.127 0.2.4 2.54 0

11 C 0.127 0.2!4 1.27 a

12 C 0.127 0.254 0.51 0

13 C 0.127 0.264 0.25 0

14 C 0.127 0.254 0.25 20

1S C U. L?7 0.254 0.25 40

16 D 2,6 ,m 8 .0 40 -

• a4--- 0.fO 0 0 0 0 0
oX, ooo oo lh

0000

% 0)

TYPE A TYPE B

0

*kKt~ OOi 11040

0UC 000

ryPeF C TYPC D

FO. I TYPESi OF MACINI4,O HOUGHNESS TESTED



5804-]-I

0604 FE:4TE9 27 PRUFtLES

CAT S604 FrElTrR BOUNDARY CONDIfION3 AND EVALUATED OATA. 31 UNITS.

RUN MD * TW/TRf RED24 CF li1t H12K PW PD
X POD* PVI/PD* RED2D CO H32 t|32K 1w TO
RZ TCDA 5"v * 02 P12* m42 .)2K UD TR

58040101 2,6990 1.0000 4.0675"+03 NM 4.5245 1.4715 1.41I?"?04 1.4121"+04
1.944V-01 3.2828"+05 1.0000 8.243o"i.03 NM 1.7719 1.7615 7.0150'02 1.3078"+02
INFINITE 3.2151,02 o0.0000 3.2496"-04 0.00004+00 0.1097 4.8635"-04 6.1884"+02 3.0150'+02

58040101 2.10?0 1.0000 6.71786+03 NM 4.5304 l.4620 1.4001"+04 1.4001"404
2,5W6"-01 3.2699*+05 1.0000 1.2812"+e4 NM 1.7680 1.7479 3.0a52"i02 1.310"W+02
INFINITE 3.2Z420+02 0.0000 5.1033'-04 0.00004+00 0.091 7.740n*-04 6,2019"40a 3,0252"+C2

58040103 2.7020 1.0000 7,q627"+03 NM 4.4111 1.4002 1.387b"+04 1.3871+0#4
3.9746*-Ot 3.24,08.05 1.0000 1.6144"+04 NM 1.786S 1.7677 3.Q2521ý02 1.3106"+02
ZNFIN!TF 3.2242"+02 0.0000 6.4599"-04 0.0000"+00 0.1103 9.4118"-04 6.2019t"*U 3.0252"t02

58040104 2.6990 1.0000 q.62q3"+03 NM 4.3527 1.3753 1.'05.3n04 1.4053"+04
4.9926"-01 3.2668"05 .vOO0 1.99209W+04 NH 1.7962 L.7773 3.0045•"02 1.3033"*02
INFINITE 3,202U0.42 0.0000 7.8517"-04 0,0000"CO 0.11968 1.146Q"-03 6.1777"÷02 3.0001'102

5804012S 2.686b0 .0000 1.13b6"+04 NM 4.3054 1.3b06 l.424Q"*U4 1.4249"+04
6.006Tb-01 3.24467*05 1.0000 2,2908"+044 NM 2.7960 1.7786 3.0262"+02 l,$198"+02
INFINITE 3.2242"+()0 0.0000 q.1103"-04 0.0000*+00 0.1103 1.3278"-03 6.1k4q"*02 3.02b2mso2

58044020 2.6577 1.0000 1.3872'÷044 NM 4.3063 1.3977 1.4905"+04 1.'4905"0+
7.0226*-O 3.11179"+05 1.0000 2.7643"+04 NM 2.7A59 .766b2 3.0279"t0a 1.336b*4.02
INFINITE 3.242"102 0.0000 1.0819"-03 0.000"O00 0.1067 1.50B5"-03 6.15W>0P 3.027q"+02

58040107 2.63so 1.00109 1.4CSS*÷4O NM 4.2551 I.,969 ,$5347"*04 1.5347+o•4
8.04060-01 3.2326"+05 1.0000 2.9321'+044 iM 1.7873 1.7676 3.0502-102 1,3591"472
INFINITE 3.2460+s02 0.0000 1.ISOV"-03 0.0000",00 0.1081 1.67280-03 6.1591'+02 3.05024+02

58044020 2.2430 1.0000 5.52574+03 ;1M 3.4373 1.3968 2.3163"+U4 2.3163"+04
2.95961-01 ..6492'0+05 1.0000 q.3371'+"O NM t.8178 1.8041 3.2193"102 1.64W+0402
INFINITE 3.1964"+02 0.0000 3.17313-044 0.0000"+00 0.0948 4.9670"-04 5.85111'+0P 3.2193"+02

58040201A 2.2470 2.O000 5.3640'"03 NM 3.4587 1.4019 2.2671"+04 2.2671"+oU
Z.95964-01 2.6092"t05 2.0000 q.0791"g'M NM 1.81244 1.7998 I.P137"÷02 1.b8720+02
INFINITE 3.3909"+02 0.0000 3.8234"-04 0.0000"+00 0.0947 44.9605"-0O 5.8518"+U2 3.2137*402

58040204 2.23q0 1.0000 5.6371"÷03 IJM 3.4271 1.396S 2.3125"+04 2.3225"+04
2.95Qb"-Ot 2.6397'+05 1.0000 q9.'O444t03 NM 2.8196 1.8052 3,2249•90? 1.b98A"+U2
INFINITE 3.4020"+02 0.0000 3.qb02"-04 0.0000"+00 0.0947 5.062q"-O0 5.6510"+a0 3.2249"402



5,04-I1-2

S604 FE;4TER 27 PROFILE3

CAT 5801 rE;JTER BOUNDARY CONDITIONS AND LVALUATED DATA. SI UNITS.

RUN MD * TW/TR* RED2W CF i12 412K PW PD
X * POD* P1/PD* RED20 Ca H32 H32K Tw TO
RZ TOO* Sq * D2 P12* S42 D2K UD TR

58040301 2.2420 1.0000 I.18a5"+04 NM 3.3263 1.3153 2.3288"+Q0 20.288"+04
8.0400"-01 2.6593"*05 1.0000 2.00l*+0110 NM t.8235 1.8116 3.2141"+02 I.bqlol+02
INrINITE 3.3909q"02 0.0000 8.2475"-O0 0.0000+O00 0.0951 1.0558"-03 5.8454-"02 3.2141%+02

56010301A 2.2430 1.0000 1.1948"+04 Nm 3.311, 1.3023 2.3065"+04 2.306SO÷04
8.006"-0l 2.6380*+05 1.0000 2.02b64*O4 r4m to8257 1.8l15' 3.2085"+02 1.68114÷02
INFINITE 3.38S31+02 0.0000 8.04US"-0O 0.0000"400 0.0952 1.0747--03 5.sIQ'+o02 3.2088"+02

50040302 2.2310 1.0000 1.9797"+0Q Nm 3.4997 1.4231 2.3bqg"÷04 2 .369q9" 04
85440o1-01 2.bb600'05 1.0000 3.1621"+04 Nm 1.7664 1.7491 3.2202"+02 1.70211+02
INFINITE 3.3964"+02 0.0000 1.29860-03 0.0000"+00 0.0916 1.7559"-03 5.8358"+02 3.2202*'02

58000303 2.2350 1.0000 1.7965"W04 NM 3.5299 1.4403 2.31584+04 2.3158"+04
8.0406".01 2.61bW÷+05 1.0000 3.0261"+04 NM 1,7648 1.74b2 3.2252"+02 1.7018"f02
INFINITE 3.020'*02 00.000 1.2692"-03 0.0000"too 0.0917 1.7185"-03 5.84580+02 3.22520+02

580o030o 2.23so 1,0000 I.S07•"V01 riM 3.0057 1.3890 2.3050"#04 2.30504+04
8.0•0OV-04 2.b035"+05 1.0000 2.5399'"#0 NM 1.7838 1.7680 3.22524#02 1.7016"+02
INFINITE 3.4020"+02 0,0000 1.0703"-03 0.0000"#00 0.0927 1.4247"-03 5.8458"#02 3.4252"402

5800030S 2.2t01 1.0000 1.2809"+04 isM 3.363i 1.3353 2.27W0+,04 2.27600401
8.O0oo0-O: 2.59S0'05 1.0000 2.16285'041 1M 1.8102 1.7974 3.2194"002 1.6945"+02
INFINITE 3.3964"o02 0.0000 q.1509%-04 0.0000*+00 0.0943 1.1083*'-03 5.6488"+02 3.2194"+02

5804030b 2.2400 1.0000 1.22`57604 NV 3.3180 1.3122 2.3162•*+• 2.3162",0u
0.0406".01 2.6366"÷0S 1.0000 2.0695t"04 14M 1.8241 1.8122 3.2090"+02 1.6897"+02
INFINI1E 3.3853"tO2 0.0000 A.5708"-q0 O.O000"#O0 0.0o50 1.09067"-03 5.8380"402 3.20901+02

50010307 ?.2330 1.0000 1.2OA1".O NM 3.2503 t.2620 2.3318"+04 2,3316"+04
8.0106"-Ol 2.6255'o05 t.0000 2.0334"+04 IjM 1.8421 1.8311 1.42S3"+02 L.7033"*02
INFINITE 3.4020't02 0.0000 ',.41883"-04 0.0000"+00 0.0957 1.Ob22"-03 5.8432*+02 3.2253"+02

56040108 2.2440 1.0000 1.1349*+04 Nm 3.2667 1.27?6 2.2618"+0II 2.2618"+04
8.04060-01 2.59094*05 1.0000 2.0025"+04 NM 1.8005 1.8315 3.22o•5÷02 1.6950"+02
INFtNITf 3.4020*+02 0.0000 S.5178"-04 0.0000.+00 0.0960 1.0714"-03 5.8575W"02 3.2215"+02

5500309 2.2440 1.0000 110899"+a 14M 3.3141 1.304b 2.3242÷+04 2.3242?*00
8.04006-01 2.bo2?1105 1.0000 2.01101+O, .v 1.82b5 1.8157 3.2192"+02 1.6•Q22"02
INFINITE 3.3964"+02 0.0000 8.3075*-04 0.0000"+00 0.0953 1.0612"-03 5.8527"+02 3.2192*+02

58010310 2.2560 1.0000 I.tool#01O NM 3.3529 1.3150 2.2331"+04 2.2331t+04
8.04006-01 2.6065"+05 1.0000 2.0l141*04 N[M 1.8227 1.8100 3.2183"+02 1.68320+02
INFINITE 3.196"+0Q2 0.0000 8.1699"-04 0.0000"+00 0.0956 1.1011*-03 5.8683"+02 3.21835*02

56040311 2.2110 1.0000 1.21585"#4 NM 3.3314 1.3186 2.2b77"-04 2.2677"404
8.0400-"01 2.58355,05 1.0000 2.0529"+041 N•' 1.8207 1.8080 3.2194"+62 1.6945"+02
INFINITE 3.3064"'02 0.0000 8.717h0-04 0.0000"f00 O0.099 1.1192*-03 S.P408"÷02 3.2190A+02

5804031k 2.2390 1.0000 1.626b"+0q ;:J 3.4342 1.3763 2.zIt2"0o 2.2712"*04
8.04061-01 2.5814"'05 1.0000 2.74•#÷04 ism 1.7568 1.7717 3.2196"+02 1.0960',02
INFINITE 3.3964'+02 0.0000 1.1661"-03 0.0000"+00 0.0930 1.5098"-03 5.8,462"102 3.2196"÷02

58010313 2.2390 1.0000 L.5202*+04 NM 3.4415 1.3806 ?.a68q"#04 2.2689"',u
6.OO&'-Ol 2.5787.*05 1.0000 2.5650".#V. NM 1.7851 1.7098 3.2106"902 1.6460"W02
INFINITE 3,3964'"02 0.0000 1.0910"-03 0.0000"400 0.0929 1.0524"03 5.8462".02 3.2146"-02

580110310 2.2390 I..-u 1.1*3700~40 NM 3.00211 1.31.57 2.a8bV#00 !.d6bk"#04
0.006"-Ol 2.5907"#05 1.0000 2.4256'OO NM 1.7965 1.783 3.2091*.02 l.60o0"÷02
INFINITF 3.3553•'D2 0.0000 1.0191"-03 0.0000"#00 0.093! 1.)416"-03 S.83601402 3.2091'+02

580S10315 2.2380 1.0000 1.289",•04 NM 3.1064 1.3491 2.JI,005"03 e.3005*,04
8.0106.-0 ?.610•#"05 1.0000 2.1104*+01 I NM .?7995 1.7860 3.?1*11•02 .6940*+02
INFINITE 1.3401'+02 0.0000 1.0100--03 0.0000,100 0.0937 S.3255"-ll3 5.8402'"02 3.ZI44"+02

5800031' ?.22bu 1.0000 p.q935,014 NM 3.4369 1.3763 .30866"#U 2.3486"*00
8.0106'-VI 2.6156".05 1.0000 4.30s*O#04 ý4w 1.7649 1.7537 3.2154"101 1.TO31"+02
INFINITE 3.3909'*02 0.0000 2.04t54-03 0.0006"+00 0.0914 2.7841"-03 5.8240+02 3.2154"-)2



5804-C-I

56040201 FENTER PROFILE TABULATION 22 POINTS, DELTA AT POINT 22

1 y PT2/P P/PD TO/TOD 4/lID U/UD T/TO RHO/rHOD*U/UD

I 0.010JQ"+00 1.001O"+00 NM 0.94784 0.00000 0.00000 1.90156 0.00000
2 2 . :.O"-0 2.2011"too Np 0.96821 0.50201 0.62489 1.54951 0.40328
3 2.8702"-04 2.3843"+00 JM Q.97017 0.53193 0.65425 1.51565 0.43167
4 3.4290--00 2.5324"*00 NI 0.97166 0.55372 0.67585 1.48975 0.45366
5 0.690")0-0O 2.6810"+00 IJM 0.77311 0.57512 O.69b06 L.464b7 0.47520
6 5.9690'-09 2.8776"+00 NM 0.97092 0.60187 0.72060 1.43342 0.50271
7 7.2390"-04 3.oqq2'+00 NM 0.97104 0.62416 0.7a004 1.40728 0.52615
S 9.7790"-04 3.3420"00 NM 0.97888 0.66028 0.77143 1.36504 0.56514
9 1.2319-01 3.6018"+00 NM 0.98092 0.69059 0.79637 1.32979 0.598A7

to 1.4930"-03 3.89aW"+00 NM 0.q8312 0.72358 0.82240 1.29179 0.63664
11 1.7399"-=0 4.1721"÷00 N 0.98503 0.75256 0.50435 1.25880 0.67075
12 2.29479"-03 4.7202"+00 NW 0.988S6 0.80790 0.84360 1.19767 0.73777
1S 2.7559"-03 5.2787"+00 NM 0.99182 0.85956 0.91829 L.14131 0.80959
10 3.2639"-03 5.8073"tO0 NM 0.99484 0.90950 0.94921 1.08925 0.87140
15 3.7719"-03 6.2055"+00 NM 0.99661 0.93981 0.96696 1.05660 0.91343
16 4.7904"-03 6.61T2"+00 NM 0.99918 0.99064 0.99504 1.0064P 0.98625
17 S.8039"-03 6.00981+00 NM 0.99978 0.99599 0.99788 1.00381 0.99009
18 6.8199"-03 6.9155"i00 N 0.9c950 0.99643 0.99812 1.00339 0.99975
19 9.3599"-0S 6.89Po"t00 NM 0.99971 0.99465 0.99718 1.00509 0.99213
20 1.1902"-02 6.9385"100 NM 0.99990 0.99822 0.99906 1.00169 0.99737
21 1.4442"-02 6.9500"O00 NM 0.99995 0.99911 0.99953 1.00085 0.99869

0 22 2.3561-02 6.9615"+00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YM ASSUME PNPD AND VAN DRIEST

56000200 PLNTER PROFILE TABULATION 20 POINTS, UELTA AT POINT 20

I y PT2/P P/PD TO/TOD .I4/lif U/Ufl T/I0 RHO/PIIODhU/Un

1 0.0000"400 1.0000"000 JIM 0.94793 0.00000 0.00000 1.89F35 0.00000
2 2.6860"-00 2.11ij+O0 NNM 0.96821 0.50156 0.o2112 .5462 0.30307
3 3.0450"-04 2.3901"+0 Nm 0.97032 0.53327 0. 5574 1.5i2ob 0.0113b6
0 4.3I50"=-. 2.6280"+00 N1m 0.97269 0.56856 O.uf6bl 1.47114 0.06876
5 5.6642"-04 2.8344"#00 Nim 0.97463 0.59710 0.71602 1.10778 O.q8O90
6 6.6863"-04 1.00401#00 tNi 0.97614 0.61947 0.73602 1.01169 0.52138
7 9.3930"-04 3.27Q00'00 I4M 0.97846 0.65186 0.7b576 1.3715h 0.55831
8 1.19d9"-03 3.5783"+00 NM 0.98080 0.68915 D.79495 1.3064 0.59742
9 1.'d78*-03 3.8171's00 NM 0.9S262 0.71590 0.81325 1.29982 0.b2797

10 1.7018"-03 4.0869".00 NM 0.98540 0.74498 0.83808 1.26677 0.66190
I I W.21J3$-0 4.6066"100 JIM 0.98821 0.80170 0.07909 1.20308 0.73079
12 2.7203*-03 S.2394'o0O NM 0.99170 0.85753 0.91660 1.14317 0.80203
13 3.2?58'-03 5.7273"t00 JIM 0.99432 0.90085 0.44393 1.09792 0.85974
14 3.71$63-03 6.2572!"tf0 Nm 0.99694 0.94551 0.97018 1,05282 0.92149
Is 4.49581-03 6.7560"$00 NM 0.99921 0.98571 0.99239 1.01361 0.97907
16 5.2605"-03 6.8526*+Do NM 0.99963 0.99330 0.9qb45 l.Onb3b 0.9901b
17 6.5303*-03 0.8b60".00 JIM 0.99966 0.99419 0.99093 1.00551 hi.qqll97
18 7.2923"-03 6.8926'400 NM 0.99980 0.99603 0.998I1 1.0n339 0.99474
19 9.66986-03 6.8669*t00 N

T
I 0.99978 0.99sa8 0.99780 1.00381 0.gqn99

0 20 2.4310-Uk 6.9385"000 NiM 1.00000 1.00000 I.OnO00 1.00010 1.00000

INPUT VARIAOLES YM AOSU'4E PwPO AND VAN DRIEST

58040301 FENTER PROFILE TABULATION ?41 POINTIv DE0TA AT POINT 20

I y PTY/P P/PD TO/TOO m/Mn U0UO T/TO RHO/IRHOO*UUD

1 0.0000*+00 1.0000"+00 NIk 0.90786 0.00000 0.00000 1.90076 0.00000
2 2.28b00-08 2.0669"+00 NJM 0.96671 0.0o904 0.60112 1.57517 0.3816?
3 2.7178'-04 2.2415"+n0 NM 0.96867 0.50892 0.63180 1.50120 0.40904
4 3.2258"-04 2.3217"+00 JIM 0.96953 0.521d6 0.60473 I.52609 0.02240
S 4.5212"-0 2.4603"*00 iIM 0.97097 0.5'326 0.66571 1.501,7 0.44134
( 5.7150'-00 2.5968*+00 NJM 0.97232 0.56334 0.68491 1.47801 0.63034
7 *.3512a-00 2.8377"+00 14W 0.97058 0.59679 0.71592 1.113908 0.49748
8 1.0871"-o3 3.0353'"00 JIM 0.97630 0.b6226 0.73900 1.40876 0.52460
9 1.3037"-03 3.19s1"+Oo tim 0.97770 0.64273 0.75648 1.38529 0.54006

10 1.846b"-03 3.450ol"÷0 tIM 0.97981 0.67395 0.78274 1 .1a I.• b MO'9
II 2.356W-03 I.8b0aqo00 N1 0.98157 0.740u7 0.60006 1.31801 0.60987
1a 2.6626"-03 3.9l0o0"00 JIM' 0.94317 0.72455 0.802914 1.29070 0.63758
is 1.5757"-03 0.ll66+"O0 :I4 0.96467 0.74710 0.84023 1.e60Ru 3.66m$0
10 3.8756"-03 4.320401+0 NM 0.98607 0.76651 0.05602 1.20071 0.60995
I5 4.8946"-0) 4.7387',00 rM 0.95870 0.60955 0.08504 1.lq2ý0 0.74009
1b S.9157"-03 S.I8nl7°Oo 10 0.99130 0.85103 0.91275 1.15032 0..7907
1I b.92bb6-03 5.5580o+OO NM 0.993S3 0.88760 0.93590 1.1117H 0.84160
18 7.9426"-03 5.9945*+Oo NM 0.99560 0.92239 0.95684 1.07608 0.88919
19 8.9586"-03 6.3662"+00 NMi 0,99738 0.95317 0.974S2 1.04531 0.95228
a0 1.0483"-02 6.75601+00 r4M 0.99912 0.98039 0.99170 1.01490 0.97714
21 1.2007"-0Z 6.9I-5"÷*0 NM 0.99983 0.99688 0.99835 1.00096 0.99540
22 1.3S31"-02 6.9442'#00 NM 0.99995 0.99911 0.99953 I.00o85 9.99869
as l.60720-g2 6.9500"÷00 NM 0.99995 0.99955 0.99977 1.00042 0.99930

D 24 2.3685"-02 6.95571t00 NM 1.00000 1.00000 1.06000 1.00000 t.00000

INPUT VAR1IOLL$ YOM A33UME P*PD AND VAN ORILST



5804-C-2

58040300 FENTER PROFILE TABULATION 29 POINTS1 DELTA AT POINT 29

Y PT2/P P/PD TO/TOD 14/MD U/UD T/TO RHO/RHOD*U/UD

1 O.0000'+00 1.O000"+00 NM 0.94802 0.00000 0.00000 1.89514 0.00000
2 2.2860"-04 1.5631"+00 Nm 0.95999 0.36913 0.47974 1.68913 0.24402
3 ?.8194*-0:4 .607T"+O0 Nm 0.96069 0.38121 0.49366 1.67700 0.29437
4 3.3c020"-00 1.6593"+00 NM 0.96103 0.39S74 0.50793 1.66420 0.30521
5 4.5720"-QQ 1.8160"+00 NM 0.96373 0.43132 0.54976 1.62460 0.33840
6 5.8674"-04 1.9471"t00 NM 0.96503 0.45817 0.57870 0.59537 0.36274
7 7.1370-041 2.0570"+00 Nim 0.96676 0.47875 0.60035 1.572S2 0.38178
8 9.626o-04 2.2469"+00 NM 0.96890 0.51141 0.63374 I.53563 0.41269
9 1.2112*-03 2.4221-÷00 NM 0.97075 0.53915 0.66117 1.50384 0.03965

10 1.4834'-03 2.5721"+00 NM 0.97225 0.56152 0.68266 1.47799 0.46188
t1 l.7272"-03 2.7008"÷00 NM 0.97348 0.57987 0.69986 1.45670 0.48044
12 2.2352"-03 ?.9319"÷00 NM 0.97560 0.61119 0.72837 1.42020 0.51285
13 2.7959"-03 3.1443"+00 Jim 0.97747 0.63893 0.75273 1,38796 0.54233
04 3.2537"-03 3.3308"÷00 NM 0.97898 0.66130 0.77176 1.36198 0.56664
15 3.7592"-03 3.95110+00 NM 0.98072 0.68725 0.79317 1.33200 0.59547
16 4.2672"-03 3.7565"+00 NM 0.98227 0.71051 0.50T16 t.30529 0.62190
17 5.0317*-03 4.0651'+00 rM 0.98409 0.74407 0.837%9 1a.671o 0.66100
10 5.7963'-03 4.3a56"÷00 NM 0.98664 0.77718 0.86196 1.23007 0.70074
09 6.5583"-05 Q.6925"+00 NM 0.98859 0.60761 0.85342 1.19655 0.73830
20 7.3203*-03 5.0212.+00 NM 0.99056 0.83893 0.90459 1.16267 0.77803
21 8.0772"-03 5.381"t00 NM 0.99M35 0.56801 0.92344 1.13101 0.81590
22 8.B392*-03 5.6609*i00 NM 0.99406 0.09664 0.94128 1.10204 0.85413
23 1.0112"-0? 6.1708"+00 NM 0.99662 0.94004 0.96698 1.05813 0.91386
24 1.1382"-02 6.6265"+00 NM 0.99874 0.97718 0.98776 1.02177 0.9"671
a5 1.4644"-02 6.7787",00 NM 0.9994I 0.9892b 0.99429 1.01019 0.98426
2b 1.5919"-02 6.8563"+00 NM 0.99975 0.995%3 0.99703 1.00424 0.99342
27 1.5189"•02 6.8812"+00 N4 0.99985 0.99732 0.99858 1.002SA 0.99605
2S 1.77291-02 6.8983't00 NJi 0.99993 0.99866 0.99929 1.00127 0.99802

0 29 2,0269"-02 6.9155"t00 rim 1.00000 1.00000 1.00000 1.00000 1.00000

Ir4PUT VA41AULDLS Yi ASSUME PPD ACID VAN ORIEST

58040308 FENTER PROFILE TABULATION 29 POINTSs DELTA AT POINT 29

1 Y PT2/P P/PD TO/TOD M/Mb U/UO T/TO RHOINHOD*U/UD

I o.0ODO"+00 1.00000+00 NM 0.94782 0.00000 0.00000 1.90237 0.00000
2 2.2860"-04 2.1693"+00 NM 0.96783 0.49643 0.61931 0.5't627 0.39744
3 2.7178*-04 2.271"000 NM 0.96895 0.51337 0.63643 1.53687 0.41411
4 3.25120-04 2.017*+O0 NM 0.97032 0.53367 0.65672 1.51319 0.43400
5 4.5212*-04 2.6698*100 NM 0.97294 0.57264 O.b038t 1.46719 0.47263
6 S.7656"-04 2.8q77.÷00 NM 0.97463 0.59759 0.71680 1.43873 0.49821
7 7.08666-04 2.9558"+00 NM 0.97560 0.618a5 0.72962 1.42200 0.51310
8 9.5504"-04 3.2314"+00 NM 0.97795 0.60661 0.75994 0.38120 0.55019
9 1.22171-03 3.3790,÷00 NN 0.97916 0.0664q 0.77498 1.36041 0.56966
10 1.4737"-03 3.5356"+00 tm 0.98039 0.66271 0.79004 1.33914 0,58996
11 1.97571-o3 3.72004t00 NM 0.98179 0.70365 0.80687 1.31489 0.41364
12 2.48•40-03 3.9113"+00 NiM 0.98318 0.72460 0.82324 1.29061 0.64777
13 4.9870'-03 4.0278,00 NM 0.98401 0.73708 0.83278 1.27655 0.65237
14 3.497b"-03 4.1S50"+00 NM 0.95489 0.75045 0.84283 1.2613h 0.66819
15 4.0061"-03 4.3459q*00 NM 0.98616 0.77005 0.85724 1.2392b 0.69174
06 4.7700"-03 4.6879"+00 NM 0.98834 0.80392 0.88124 1.20160 0.73339
17 5.5296"-03 S.0069*tOo NM 0.99025 0.85322 0.90179 1.168564 0.77172
18 b.Z992-0O 5.0934"+00 rim 0.99075 0.84225 0.90709 1.19q9O 0.78204
19 7.0561"-03 5.4830"#00 tNM 0.91292 0.87745 0.92964 1.122S1 0.82819
20 7.8232'-03 5.Y433"*00 Nm 0.99028 0.9008 0.90363 0.09887 0.85873
20 .05776"-03 5.9945*+00 NM 0.99555 0.92157 0.95639 1.07699 0.88802
22 9.3396*-03 6.Z735*+00 NM 0.99689 0.90474 0.96978 I.05371 0.9203S
23 1.0610*-02 6.72211+00 NM 0.99894 0.98084 0.98979 1.01833 0.97197
24 l.1880"*-Z 6.OS83"+00 NM 0.99953 0.99153 0.99552 1.00806 0.98756
25 1.440"-02 6.9557"+00 JiM 0.99995 0.99911 0.99953 1.00065 0.99869
26 l.5692"-02 6.8185$"00 NM 0.99936 0.98841 0.94386 1.011(5 0.9830027 l.6b653-02 6.67S5"+00 NM 0.99960 0.99287 0.99623 1.00679 0.98952
28 1.9502-02 6.9615s+O0 JiM 0.99998 0.9995% 0.94977 1.00042 0.99934

0 29 2.2090'-02 6.9672"+00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIAOLES Yom AS3UME PwPD AND VAN DRIEST



5804-C-3

580040312 FENTER PROFILE TABULATION 29 POINTS, DFLTA AT IOINT 29

1 y PT2/P P/PD TO/TOO M/MO U/UD T/TD R/Hn/RmHO*U/UO

1 0.0000'+00 .o000+00 NM 0.94703 0.00000 0.00000 1.89835 0.00000
2 2286b0"-04 1.6022"+O0 NM 0.96052 0.37919 0.491b6 1.68120 0.29245
3 2.qalO"-04 1o.b70"f00 NM 0.96182 0.40107 0.51651 1.6586h 0.31142
4 4 .265b04 ;.6Ž285:f00 o 14 0.96381 0.43323 0.55217 1.620Q5 0.33991
S 5. 04b3"-04 1.931"400 Ifn 0.96514 0.45 422 0.571482 1.60152 0.35892
6 6.7310"-04 2.0179"+00 lNM 0.96bpo 0.47075 0.59231 1.58316 0.57413
7 9.2710"-04 2.2333"+00 NM 0.96866 0.50826 0.6309Q 1.54078 0.40947
8 1.17W0"-03 2.373o"400 tNm 0.97040 0.53149 0.65399 1.514le 0.43193
9 1.4554"-03 2.5172"Ž00 NM 0.97161 0.55248 0,67435 1.48983 0.45263

to 1.9431"-03 2.7556"l00 NM 0.97390 0.58612 0.70624 1.45030 0.48695
11 2.4409"-03 2.qo2•o"+00 N" 0.97578 O.ot1ll 0.73127 1.417q5 0.51572
12 Z.9610"-03 3.1627"O00 NM 0.97790 0.63957 0.75356 1.3882Ž 0.54282
13 3.4696"-03 3.300b"400 tip 0.97913 0.66369 0.77403 1.36013 0.56908
14 3.9903*-03 1.5473?+00 tip 0.98060 0.68557 0.7q9O6 1.33477 0.59341l
15 4.7371"-03 3.8009"+00 NM 0.98250 0.71416 0.81485 1.30186 0.62591
1b 5.4915".03 4.0869"#00 NM o.'; 454 0.74498 0.03848 1.26677 0.66190
17 6.2738"-03 4.3945"+00 NM 0.914660 0.77669 0.86179 1.23116 0.60998
10 7.0282"-03 4.6695"M00 NM 0.9683S 0.80393 0.88104 1.20103 0.73357
19 7.8003"-03 4.9512"*00 Nu 0.99010 0.6316Ž 0.89980 1.17k89 0.7685g
20 8.S4710-03 5.1030"t00 Nm 0.99093 0.84502 0.90879 1.15649 0.78577
21 9.3091*-03 5.5538".00 Nm 0.99341 0.88566 0.93462 1,11362 0.83927
Z2 1.0577"-02 6.0317"+00 NM 0.99580 0,92675 0.95939 2.07157 0.89527
23 1.1899-02 6.44O1.2"+U NM 0.99782 0.96070 0.97871 1.03785 0.90302
Z4 1.3119"-02 6.7165"+00 NM 0.99904 0.98258 0.99071 1.01601 0.9745S
25 1.43W9"-02 6.8640"*00 NM 0.99968 0.99419 0.99693 1.00551 0.99147
26 1.5659"-02 6.9090"+O NM 0.99988 0.99777 0.99882 1.00212 0.99671
27 1.0199"-02 6.9270"+00 NM 0.99995 0.99911 0.99953 1.00085 0.99868
28 2.0739"-02 6.9327-400 NM 0.999908 0.99955 0.99976 1.00002 0.99934

0 29 2.4175"-02 6.9385"600 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIAB•S8 Ym ASSUME PvPO AND VAN ORIEST

58040316 FENTER PROFILE TABULATION 29 POINTSt OELTA AT POINT 29

1 V PT2/P P/PD TO/TOO M/HO U/UO T/10 RHO/RHOD*U/UD

I 0.O0QOl+00 1.0000"+00 NM 0.94823 0.00000 0.00000 1.88795 0.00000
2 2.268b0-0u 1.6SIS"÷00 NI 0.96159 0.39443 0.50800 1.6S&80 0.30625
3 9.8194"-04 1.7024"+00 NM 0.9623S 0.40701 0.52215 1.64585 0.1725
4 4.0094"-04 1.5l290+O0 tJm 0.96389 0.3217 0.54995 1.61939 0.33961
5 5.3340"-04 lq.333o+00 NM 0.965117 0.45732 0.57707 1.59225 0.36242
6 6.6294"-04 2.0107"+00 NM 0.96642 0.47215 0.59273 1.57599 0.37610
7 9.1694"-04 2.0845"+00 NM 0.96729 0.48562 0.60675 1.56106 0.38868
8 1.16840-03 2.177Ž2"00 NM 0.96035 0.50180 0.62331 1.54296 0.40397
9 1.6789W-03 2.31134+00 NM 0.96983 0.52426 0.60594 1.51758 0.42557

1 0 2.1044"-03 2.43h7"+00 NM 0.97111 0.54358 0.664176 1.4955b 0.44449
II !.6924"-03 2.445*+00 Nm 0.97219 0.5%975 0.68028 1.47703 0.46057
12 3.4544*-03 2.6689'l00 NM 0.97340 0.51772 0.69719 1.45635 0.47872
13 4.2164"-03 2.7849Q"00 NM 0.97448 0,59389 0.71210 1.43769 0.49531
14 4.9835"-03 3.0213"t00 NO 0.07660 0.62534 0.74027 L.40136 0.52825
IS 5.7429"-03 2.9558"+00 NM 0.97b03 0.61680 0.73273 1.41122 0.51922
16 6.507'"-03 3.0457".00 NM 0.97%81 0.62848 0.74302 1.39772 0.53160
17 7.7749"-03 3.2168"000 NM 0.97126 0.65004 0.76165 1.37284 0.55480
18 9.0QW-03 3.43986"00 NM 0.98007 0.67700 0.78422 1.31285 0.58443
19 1.0310"-02 3.7244*400 NM 0.98225 0.70979 0.81066 1.30441 0.62148
20 l.1582"-02 4.0953"+00 NM 0.98491 0.75022 0.811173 1.25863 0.66866
21 1.2850"-02 4.S685100 NM 0.98778 0.79470 0.87403 1.20962 0.72257
2Ž 1,41I7"-02 4.9973"t00 NM 0.90064 0.81007 0.90503 1.16064 0.77977
23 1.5392"-02 S.4328"#00 NM 0.99308 0.88005 0.93080 1.11864 0.83208
24 1.b662"-02 5.8056"s00 NM 0.99504 0.91285 0.95089 1.08508 0.87633
25 1.1940"-02 6.1278"400 NM 0.99664 0.94025 0.96698 1.05767 0.91426
26 1.9213*-02 6.4046"t00 NM 0.99709 0.96316 0.97997 1.03521 0.94664
27 2.0483"-02 6.6209"#00 NM 0.99893 0.98068 0.98963 1.01682 0.9718•2
28 2.1745"-02 6.7900•00 NM 0.99966 0.99416 0.99689 1.00551 0.991043

0 29 2.3012*-02 6.8640"t00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES 8,4 A$S2UM PvP0 AND VAN 011MT



5805-A-I

M ;2, 2.5. 3; 3 5805
R THETA X 10 63 14

STW/TR : 1.0 ZPG

RECOVERY

. ._6AW

Continuous flow tunnel with flexible symmetrical nozzle. W - H - 50.8 mm

0.25 < PO < 0.55 MN/mr2. TO : 300 K. Air. RE/m X 10-6 : 32

MOORE D.R., 1958. An experimental investigation of the turbulent boundary layer behind a forward facing

step in supersonic flow. DRL 425.

I The test boundary layer was formed on one of the flexible nozzle plates and one of two extension plates.

One of these continued the nozzle contour as a flat plate (L - 0.185 m). The other had a vertical step

(X - 0 for both plates) 2.032 mm hH;h appro~imately 25 me downstream of the nozzle exit plane. Provision

8 was made for 10 survey stations on the centre line at 12.7 mm intervals starting at X - 6.8 me. The surface

was not actively cooled. The tunnel was run for a time sufficient to ensure that all temperatures were

constant and the test surface was near-adiabatic. No checks are reported on uniformity of flow, transition,

2-6 or two dimensionality. The tunnel was that used by Naleid (CAT 5801) and Stalmach (CAT 5802).

6 Static pressure tappings were located just upstream of the first survey station. and half way between

succeeding stations, Wall shear stress was measured with a minaturized FEB, following earlier DRL designs,

7 with a circular element of 6.35 mm diameter. Pitot profiles were measured with a CPP for which d1 * 0.508 mm.

This was cranked up and mounted in a streanvise tube for which d - 1.65 mn before being led through the wall

in a 220 wedge fairing. The traverse gear was so mounted that the profile normal passed through the centre

8 line of the next station upstream. Thus profile and CF were determined at common values of X.

9 The profile data were reduced assuming constant static pressure through the layer, and this value was

obtained from an Interpolation of the wall static values. Constant total temperature was also assumed.
11 No profile corrections were applied, and the viscosity was calculated from Sutherland's law,

12 The editors have presented all the measured profiles and the associated CF values. The assumption of constant

* total temperature has been replaced by the Crocco / Van Driest temperature correlation with an adiabatic wall.

13 The unit Reynolds number for all the profiles was the same. For each of the four Mach numbers a set of

profiles were taken on both the flat plate and the stepped plate. For the flat plate there were six in each
set, at stations 1 (X - 6.77 mm), 2, 3. 4. 6 and 9 (X - 108.4 mm). For the stepped plate, profiles were

taken at stations 2. 3. 4, 6 and 9. For the M - 2.0 stepped case (series 05) there is no profile for station 9.

14 CF is presented for each profile.

§ DATA 6805 0101 - 0406 (flat plate), 0501 - 0805 (step). PT2 profiles, NX - 4-6. CF from an FEB measured

separately.

15 Editors' cownents

The two test configurations allow of a direct comparison between a "normal" tunnel wall boundary layer.

and the same layer subjected to an abrupt disturbance. Unfortunately, no attempt was made to check on

cross-flow effects, which are likely to be marked in the region of the step, and the data throughout do

not appear to be very accurate. The only comparisons are the "Ring" measurements of Peak. at al. - CAT 7202,

series 3 - which should be free of cross-flow effects, and the profiles measured downstream of violent trips

by Stone & Cary - CAT 7209.

There are very few profiles for which measurements extend Into the momntum-deficit-peak. The integral values

should therefore be treated with reserve. The author remarks that data for station 9 (the last profiles) were

"extremely erratic" and may have been affected by the tunnel diffuser.



5905-11-1

CAT 5805 M1•ORE BOUNDARY CONDITIONS AND EVALUATED DATA. 81 UNITS.

RUN MO * TW/TR* RLD2W CF * 402 Ht2K PW PO
X * POD* PW/PD* RED2D Co H32 H32K T4 ID
RZ TOO* SN * D2 P12* H42 D2K UD TR

58050101 1.9930 1.00fO 5.8423't03 2.2700"-03 3.0155 1.(1768 3.303'"+04 3.303"4+04
6.8072k-03 2.5567"+05 1.0000 9.118*q"03 tM 1.8109 1.8018 2.0603"'Oa 1.6709"402
INFINITE 2.9983"t02 0.0000 2.q319"-04 0.0000"+00 0.0034 3.2b63"-04 5.1653"402 Z.,8603"+02

58050102 1.9750 1.0000 6.0738"+03 2.2Z90"-03 3.0702 1.4595 3.414• "04M 3.4146"+O0
1.9507;-02 2.5899:.05 1.0000 9.0156"+03 NM 1.8q0 1.799a 2.8670"+02 1.6975"+02
INFINITE 3.0039 +02 0.0000 2.9958'-04 0.00004"00 0.0803 3.6982"-04 5,1439"+02 Z.8670"402

58050103 1.9980 1.0000 6.0240"+03 2.2480"-03 3.1288 1.4756 3.2856"+04 3.2856".00
3.2207*-02 2.5628"405 L.0000 9.4191*i03 NM 1.8027 1.7923 2.8610"+02 1.6078"t02
INFINITE 2.9994"102 0.0000 3,0296*-04 0.0000"+00 0.0832 3.7760"-04 5.1735"+02 2.8610"÷02

58050104 2.0000 1.0000 6.1978"+03 2.2520"-03 3.0187 1.4402 3.2590"+04 3.25901+04
4.4907"-02 2.5500÷'05 1.0000 9.6913"+03 1IM .8166 1.8073 2.8804'+02 1.6781"+02
INFINITE 3.0206"t02 0.0000 3.1661"-04 0.0000+00 0.0800 3.8q9b"-04 5.1945"+02 2.8a09'+02

58050105 1.9510 1.0000 7.0987"÷03 2.2180*-03 3.0049 1.4380 3.4606"to0 3.4606"÷00
5.76071-02 2.5093"i05 1.0000 1.0910"+04 NM 1.8045 1.7955 2.8636"+02 1.7024"+02
INFINITE 2.9983"+02 0.0000 3.5094-04 0.0000"+00 0.0811 4.3298"-04 S.1038"402 e.0636"+02

58050008 1.9190 1.0000 8.1130*+03 2.0920"-03 2.9981 1.4106 3.3453"+04 3.3453"+04
1.0841'-00 2.49444+05 1.0000 1.25400+04 NM 1.8070 1.7980 2.8887"+02 1.7045'+02
INFINITE 3.0261*+02 0.0000 4.14W1-04 0.0000"+00 0.0821 5.1169'-0 5.1541'+02 2.88870+02

5S050301 2.5350 1.0000 4.5381"÷03 1.9160"-03 '.0b95 1.4448 1.7832"+04 1.7832"+04
6.6072"-03 3.2171"+05 1.0000 8.7142w÷03 NM 1.8192 1.8051 2.6203*+02 1.3108"+02
INFINITE 2.9956"402 0.0000 2.q05'-014 0.0000+00 0.1064 3,9714'-04 5.8192"+02 e.8205"+02

58050202 2.5310 1.0000 4.65350+03 1.94800-03 0.06W 1.4462 1.8041"+04 1.8041*+O4
1.9507"-02 3.2397"+05 1.0000 8.9296'+03 iJM 1.8152 1.8002 2.8023"+02 1.30468'02
INFINITE 2.97610+02 0.0000 2.92800-04 0.0000"400 0.1060 4.0176"-00 5.7962N402 e.60230+02

58050203 2.48S0 1,0000 5.14470+03 1.8150"-03 3.9716 1.4027 1.9409"40Q 1.9409"+04
3.22070-02 3.234"8t05 1.0000 9.6774+i03 NM 1.8134 1.7988 2.8459"*02 1.3510"+02
INFINITE 3.01Q4*#02 0.0000 3.1565"-04 0.0000"400 0.1042 4.2990*-00 5.7910"+(12 2.8059"+02

56050204 2.0170 1.0000 5.45141+03 1.9140'-03 3.8565 1.4495 ý.1297"+04 2.12971*04
4.49071-02 3.1974"+05 1,0000 9.9908"#03 NM 1.8047 1.7909 2.8408*+01 1.3879"*02
INFINITE 3.0094"+02 0.0000 3.1719*-04 0.0000"*00 0.1011 4.3046"-04 5.7090*402 2.8408"402

58050205 2.0570 1.0000 5.8032**03 2.0320"-03 3.8813 1.4191 2.050("k04 2.0468"o04
5.7607"-02 3.2834"405 1.0000 1.0796"+04 NM 1.8153 1.8017 2.8514*.02 1.36971+02
INFINITE 3.0233"+02 0.0000 3.4301"-04 0.00000+00 0.1033 4.6345'-04 5.7653"+02 2.8514"+02

5050O0b 2.4340 1.0000 6.76020+03 1.63400-03 3.8365 1.4088 2.1089"+04 2.1089"+04
0.0841m-0I 3.25131t05 1.0000 1.2466"i04 NM 1.8052 0.7q9g 2.8502"+02 1.3825100?
INFINITE 3.0206"o02 0.0000 3.94170"-04 0.0000"+00 0.1018 5.3793"-04 5.7300"+02 2.a502"+02

58050301 2.qS0O t.0000 4.12930+03 1.7050"-03 0.9542 1.414 1.2513"÷04 1.2513'+04
6.80720-03 4.29%4s#05 1.0000 9.34850+03 NI 1.256 1.8092 2.810a4+02 1,0958'e02
INFINITE 3.0094*+42 0.0000 2.0473-04 0,.00001+00 0.1207 4.3707"'-04 6.2019"+02 2.810a÷+02

58050302 3.0660 1.0000 3.S6436+03 1.82WO"-03 5.2050 1.4118 1.0584+04 1.053•+O04
1.9507"-02 4.2909Nt05 1.0000 8.4465'*03 NM 1.8329 1.5110 2.7741q+02 1.0333"+02
INFINITE 2.9761"f02 0.0000 2.7865*-04 0.0000.÷00 0.1244 4.1792'-04 6.2489"+02 2.7741"+02

58050303 3.0460 1.0000 3.7268"+03 1.7980"-03 5.1265 1.4018 1.046s'+04 1.0880."04
3.2207"-02 4.2634•/OS 1.0000 5.73971+03 NM 1.0395 1.8225 2.6164"+02 1.0978'+02
INFIN•IlE 3.0206"s02 0.0000 2.91930-04 0.0000*"00 0.1243 4.3060"-04 6.241W+s02 2.8164'+02

58050.10 3.0630 1.0000 3.97870+03 1.6430*-03 5.1724 1.3954 3.0532"+04 1.0532"400
4.907'-02 4.2509"+05 1.0000 0.14371#03 NM 1.8328 1.5109 2.780a0402 1.0370-+02

INFINITE ?.98286402 0.0000 3.13qq"-0 0.0000*+00 0.1243 4.70504-04 6.2533*+02 2.7804"+02

50050305 3.0030 1.0000 4.8665"+03 1171200-03 540459 1.3906 1.1612"'04 1.1612'+04
5.1607?-02 0.2848"'05 1.0000 1.0342,00 NM 1.8214 1.6063 2.62360+02 140794"+02
INFINITE 3.0261"+02 0.0000 3.3022'-00 0.0000"+00 0.1219 5.1132"-04 6.25534+02 2.S2360+02

58050308 1.9620 1.0000 5.33420+03 1.1930*-03 0.9712 1.4011 1.22D02*o0 I.202"'O4
1.08641".01 4.2333"+05 1.0000 1.2W07+840 NM |0.139 1.7950 2,79974+02 1.08640+02
INFINITE 1.9983"+02 0.9000 3.610T'-04 0.00000+00 0.1202 5.857*'-00 6.1958"+02 2.79970+02

58050o401 3.5280 1.0000 3.15140+03 1.5280"-03 6.0686 1.4127 7.0120"+03 7.0120"+03
6°.072*-03 5.5849*÷05 1.0000 8.0337*t03 NM 1.8o08 1.7957 2.7759*+02 8.59as8*01
INFINITE 2.99835'02 0.0000 2.9•o4o•04 0.00004+00 0.1351 5.0245"'-04 b.570÷0f2 2.7759"+02

5090402 3.4030 1.0000 3.33)0"+03 1.4010.o03 6.3740 1.4272 7.41j3"+03 7.4413"403
1.9507"-02 5.5001wioS 1.0000 9.3252"t03 NM 1.816o 1,7930 2.7209"+02 8.5717".01
INFINITE 2.93724+02 0.0000 2.9270'-04 0.00001+00 0,1338 4.9737'-04 6.4658402 2.730q"402

58050403 3.5410 1,0000 3.0369+03 1.38060"-03 6.4977 1.4120 6,8550"÷03 6.8550"#03
3.2207*-02 5.54111+0% 1.00U0 8.4348*403 NM 1.8M33 1.8006 2.7T83"+02 8.5A70+401
INFINITE 3.0112'.02 0.0000 3.0025'-00 0.00001+00 0.113% 5.103"'-04 6.5791*0*0 2.71831+02

58050%40 3.51s0 1.0000 3.369%"5#0 1.5250'-03 68.531 1.4202 7.10540*03 7.10541+03
0.,907*-02 5.5361*+05 1.0000 9.51741"03 NM t.8165 1.7924 2.7414'÷02 8.293"401
INFINITE 2.9606*+02 0.0000 3.0805"-04 0.00001#00 0.1345 5.2738"-04 6.S087*409 2.74140•90



5805-11-2

CAT 5805 !I00RC BOUNDARY CONDITIONS AND EVALUATED DATA. 8I UNITS.

RUN M3 * Td/TR* 0ED2?J CF * H12 H12K PW PD
X * POD* PW/PDA RED20 Co H3? 113,2K Th TO
RZ Too* stv * 02 P12* Hit D2K UD TR

58050005 3.95240 1.0000 3.414b"t03 1.39'l0*-03 b,43S7 1.4049 7.0141"#03 7.0141"*03
'.7b07"-02 5.5351"+05 1.0000 9.6516b+03 IM 1..823 1,7939 2d7956"+02 8.6673"+01
INFINITE 3.0 194" 02 O.000 3.2200"-04 0.0000"+00 0.1352 5.15631-Oil 6.5779"+02 2.7956"+02

58050006 3.3150 1.0000 4.8115"+03 8.6To0"-Ug 5.9558 1.4254 9.3b13"÷03 9.3613"÷03
1.05|1"-Ol 5.4?O0"+05 1.0000 1.2583"+04 NM 1.8003 1.777b 2.7531"+02 9.271"'+01
INFINITF 2.9b50"I02 0.0000 3.7036"-04 0.0000*.00 0.1260 6.2408"-0 6.,0000"+2 2,7531"+02

58050501 I.97MU 1.0000 7.0136b'03 2.1770"-03 3.0502 1.4380 3.4082-+00 3. 082".04
1,9507*-02 2.5770"ts5 1.0000 1.0B8b6*04 N4 1.8040 1.7973 2.8614"+02 1.bM21"02
INFINITE 2.q983"+02 0.0000 3.4500"-04 0.0000w+o0 0.0820 4.2822"-04 S.1035"+02 !.86b19"÷2

58050502 1,9950 1.0000 6.4b67"+05 2.1240"-03 3.0657 1.4340 3.3154"+04 3.3150"+0÷
3.2207"-02 2.5740"toS 1.0000 1.073q"t04 Nm 1.811 1.8057 2.8257'+02 1.6493"+02
INFINITE 2.9022"+02 o.no00 3.3759"-04 0.oooo"+oo O.u8a3 4.1730"-00 5.1370"÷02 2.8257"÷02

58050501 1.9640 1.0000 6.7339"+03 2.1900"-03 2.9937 1.0220 3.4822"1,04 3.4822"+04
4.4907"-02 2.5764"+05 1.0000 1.0412"+04 Nm 1.8223 1.8156 2.8254"402 1.6706"+02
INFINITE 2.9590402 0.0000 3.221W"-04 0.000÷00+o 0.0825 3.92b8"-0+ 5.0897"+0? 2.8250"+02

580S0500 1.q5BO 1.0000 7.9245"+03 2.1150"-03 2.9821 1.4158 3.5120"04 3.5120"+04
5.7607'-02 2.5743"+05 1.0000 1.2223"t04 NPA 1.8114 1.O01q 2.8312"+02 1.6782"#02
INFINITE 2.9650"÷02 0.0000 3.7055"-04 0.0000"+00 0.0818 4.6152"-04 5.0857"+02 2.8312"#02

s8osob00 2.40(30 1.0000 6.0244"#03 1.8470"-03 3.9637 1.4424 2.0201"÷00 2.0201"#00
1.9507"-02 3.2389"+05 1.0000 1.1251".00 NM 1.7961 1.7835 2.8169"#02 1.3497"+02
INFII4XTE 2.q872"÷02 0.0000 3.55281-04 0.0000"+00 0.0988 4.9302"-04 5.7371"÷02 2.82b0"*02

58050602 2.370 1.0000 6.7165"+03 1,6180"-03 3.9011 1.0407 2.0945"÷04 2.094'5"+04
3.2207"-02 3.2442".05 1.0000 1.2425"+04 IM 1.7930 1.7796 2.86050402 1.3591"+02
INFINITF 2.9733•+92 0.0000 3.0621"-04 0.00001+00 0.1012 5.3423"-04 5.6962"#02 2.8054"+02

5805060) 2.4050 1.0000 T.0103"+03 1.5040"-03 3.8329 1.4046 2.2105".00 2.2105".00
4.4907"-'. 3.2570"405 1.0000 1.2816*+04 NM 1.7950 1.7812 2.'19441102 1.37214-+02
INFINITE 2.9594"t02 0.0000 '.8769"-04 0.00001+00 0.1001 5.30586-04 5.6Q80".02 2.7944"#02

58050600 2.4830 1.0000 6.2635"+03 1.6550"-03 3.9268 1.109 1.9635".01 1.9635"404
5.7607"-02 3.2072"s05 1.0000 1.1786"+• 4 NM 1.8121 1.7981 2.8261"+02 1.3427"+02
INFINITE 2.9983"402 0.0000 3.7646"-04 0.0000"+00 0.1041 5.1423"-04 5.7b87"+02 2.8201"402

58050605 2.4330 1.0000 8.5625"403 1.7480"-03 3.6054 1.39.0 2.1072"*04 2.1072"+04
1.0841"-01 3.2435"*05 1.0000 1.5610"t0 NM 1.8071 1.7923 2.8136"+02 1.3653"+02
INFINITE a.9817,*02 0.0000 4.92+44-04 0.0000"+00 0.1019 b.0823"-U0 5.6999•+02 2.8136"402

58050701 3.0190 1.0000 4.0922"+03 1.7630"-03 5,0960 1.3993 1.1341"404 1.1341"404
1.9507'-02 4.2562"+05 1.0000 1.04S1÷0 NM 1.8219 1.8061 2.7736"#02 1.0533"+02
INFINITE 2.9733w÷02 0.0000 3 . 3 6 0 0 "- 0 4 0.0000*÷00 0.1224 5.0916"-00l 6.2123"402 2.7736"+02

58050702 3.0090 1.0000 Q.6435"+03 L.5410"-03 5.0783 1.4014 1.16090+04 1 . 1 6 0 q"÷ 0 a
3.2207"-02 4.$224*"oS 1.0000 1.0757"÷00 NM 1.8199 1.8040 2.77931+02 1.0598"÷02
INFI11OTE 2.9789"+02 0.0000 3.4200"-00 4 .0000*+Qo 0.1219 5.1071"-04 6.2107'+02 2.7793"402

58050103 2.9810 1.0000 0.4694*+03 1.7320*-03 S.0086 1.4001 1.2001"+00 1.204l"+04
4.4qOOT-02 4.2987"+05 1.0000 1.1373"+04 NM t.8419 1.8020 2.7988"+02 1.0796"*02

INFINITE 2.9983"+02 0.0000 3.L1+0"-00 0,00o 00+00 0.1211 5.453+"-04 b.2102'402 2.7988"+02

5805070+ 3.001 1.0000 4.4898"+03 1.7470'-03 0.8015 1.4206 1.1613"*04 L.l613'40O
5.7607*-02 +.2850".05 1.0000 1.0365"404 NM 1.8155 1.7986 2.Y797"+02 1.0695"+02
INFINITE 2.9983",02 0.0000 3.3006"-04 0.0000"#00 0.2061 0.9560*-04 b.2265*+02 2.7977"+02

s8O0070s 2.0970 1.0000 0.4752*-03 1.6530"-03 4.7883 1.3833 1.3626'+00 1.3626"+04
,0841*"-Ot 4.R855"+05 1.0000 1.4356"+04 NM 1.8156 1.7986 2.7796'+02 1.lO1"+Q02

INFINITZ 2.qW3#,02 0.0000 4.31971-04 U.0000"+00 0.1183 6.•2W-.0• 6.1197*+02 2.7796"+0?

5sOSOOt 3.49?0 1.0000 3.6569",03 1.2810*-03 6,4387 1.4195 7.2091"103 7.2991"+03
1.9507"-02 M.5435"+05 1.0000 1.0835"÷04 NM 1.8015 1.1810 2.7308"+02 8.5692"+01
INFINITE 2.9528"+02 0.0000 3.4518"-04 0.0000"OO 0 0.1331 b.060-0 6.4905"+02 2.7348"+02

58050802 3.5150 1.0000 3.6172"+03 l.1630'*03 6.4819 1.4073 7.0162"+03 7.0162"+03
3,2207*-02 S.0S45"+05 1.0000 1.0840"+04 14M 1.0096 1.7871 2.734"8+02 8.4?757"01
INFINITE 2.9539"+02 0.0000 3050654-04 0.0000"+00 0.134W b.1109"-04 6.50b6"+02 1.7346"+02

58050803 3.46+0 1.0000 3.894a"+03 1.3110*-03 6.2581 1.3896 7.h6•+8'03 7.6488"+03
4.'907"-02 5.542S"+05 1.0000 1.0786*404 4m 1.8186 1.7994 2.75761+02 8.75360+01
INFIhITE 2.l761s*0• 0.0000 3,+163*-04 0.0000400 0.1335 5.7718"-04 6.4980"+02 2.7576"+02

580S080+ 3.S210 1.0000 3.1571*+03 1.32904-03 6.+444 1.3993 b.987S"+0$ 6.9875"+03
S.7607w-02 5.5218"*05 1.0000 1.00•44+04 NM 1.8161 1.1958 2.7683'+02 8.5793"+01
INFINITt a.9900"40i 0.0000 3M5201"-04 0.0000"+00 0.1348 6.0173%-04 6.5461"+02 2.7663"e02

56050805 3.2600 1.0000 S#38174+03 9.5350"-00 5.7704 1.4164 1,0321"÷04 1,0321"+04
1.064l00l S."713".05 1.0000 1.3176"+04 4M 1.80+6 1.7421 2.78634+02 9.59311+01
INFINITE 2.99834+02 0.0000 3.9230"-04 0.0000"+00 0.1276 6.,32"-04 6.4019"÷02 2.7063"+02



5805-C- I

58050405 P~OORE PROFILE TABULATION 23 POINTS, DELTA AT POINT 23

I y Pla/P P/PD TO/TOD H/MI) U/UD T/10 RHO/RHOD*U/UD

1 O.900'0+0 1.0000"+00 NM 0.92se5 0.00000 0.00000 3.22S41 0.00000
2 2.5110O*.04 3.1644"+Oo NM 0.95479 0.40692 0.62472 2.350690 0.26500
3 3.0450-04 3.466Vlfl NM 0,95714 0.42963 0.64961 2.28629 0.28413
4 3.5560".04 3.b9?stO0 tNm 0.95884 0.44600 0.6661?b 2.23540 0.29835
5 4.8abo"-.Q) 4.1079"+00 NM 0.96215 0.47872 0.09b.5 Z-13664 0.32755.
6 7.S6601.0O4 4.7991*"O00 Nm 0.96610 0.51873 0.73617 2.01738 0.3h521
7 9.9060'-04 5.3450"+00 NH 0.96919 0.55108 0.T6452 1.q2467 0.19722
8 1.2446"-03 5.40911+0O NM 0.97197 0.58106 0-78W~6 1.84139 0.'42027
9 t.49960-03 6.4929"+00 tiM 0.97479 0.61294 O.SL239 1.75669 0.4b246

10 i.7S26"-03 7.oior*+00 Nm 0.97726 0.64188 0.53W6. 1.b8261 0.49484
It 2.0066"-03 1.6263*+Oo NN 0.97949 0.b6856 0.65011 1.61700 0.5257b
12 2.2606".03 6.27131+00 NM 0.98176 0.b9807 0.ah83 1.S4737 0.5611
13 2.5146"-03 8.8439"+00 NM 0.98367 0.72333 0.88301 1.49025 0.59252
14 2.7606"-03 9.5800"0Oo NM 0.98591 0.795 0.90001 1.42277 0.63258
Is 3.0226"-03 1.02831+01 NM 0.98708 0.15320 0.91463 1.36377 0.67066
16 3.2766*-03 1.0903'0+0 14M 0.98948 0.80760 0.92636 1.31570 0.70408
17 3.5306"-03 1.1580401l NM 0.99111 0.63S43 0.93810 1.26697? 0.74043
18 4.0350'-03 1.30380+01 NM 0.99422 0.88609 0.96026 1.17335 0.81839
19 4.546bb'03 1.9306"+01 NM 0.99b59 0.93019 0.97670 1.10209 0.88590
20 S.3056"-03 1.5777**01 NM 8.99899 0.97843 0.99316 1.03033 0.96392
21 6.3246".03 1.6260,401 NM 0.99971 0.99376 0.9980S 1.00866 ').98948
22 7.5946*-03 1.63320+01 NM 0.999a2 0.99603 0.99876 1.O0559 O.99330

0 21 8.864b".03 1.64s9"901 NM 1.00000 1.00000 1.00000 1.00080 1.00000

INPU.T VAqIABLE3 Y,M A3SUME PKPD AND VAN DRIEST

58050801 MOORE PROFILE TABULATION 22 POINTSP DELTA AT POINT 22

I y PT2/P P/pD TO/TOO ;4/mD UWOO T/TO HO/RHOU*U/LID

I .O00O*#0o l.00000+00 N4M 0.92618 0.00000 0.00000 3.19144 0.00000
2 2.54001-04 3.1021"*00 NM 0.95457 0.40463 0.62012 2.34872 0.26403
3 3.04804-04 3.3960+.00 NM 0.95695 0.42700 0.64%66 2.27769 0.20345
4 3.5560'-I14 3.6293"400 NM 0.95071 0.44495 0.66382 a.22S76 0.2982S
5 a.3z260"-09 3.9610"tflo NM 0.96109 0.96840 0.65764 2.1ss21 0.31906
6 713660"-04 0.1 45wotoo Nm 0.96365 0.494t4 0.71248 2.07899 0.34271
7 9.90b0'-04 4.66031+00 Nm 0.96562 0.51411 0.73089 2.02077 0.4blb4
8 1.2946*-03 i.0069*00 NM 0.96765S 0.53532 0.74951 1.96036 0.38231
9 1.4986"-03 5.4328"+00 NP 0.96999 0.56019 0.77034 1.89098 0.40738

10 1.75261-03 5099170+00 fiM 0.97257 0.56888 0.79271 1.51437 0.43690
It 2.0066"-03 6.41156"+Oo NM 0.97479 0.b1367 0.81105 1.74847 0.46409
12 2.2b00"-03 7.12260+00 NM 0.977A2 0.64941 0.83615 1.65857 0.50426
23 9.5146*-03 1.6170"+00 NM 0.9R049 0.68259 0.85775 1.57911 0.543l9
29 2.768b*-03 6.571z2t00 NM 0.98313 0.71690 0.87830 1.50095 0.58S16
15 1,02ab"-03 q.2953,00o NM 0.98542 0.79836 0.69SR0 1.432m8 0.62518
lb .1.276bl-03 1.0095"401 NM 0.98770 0.78153 0.92300 1.36470 0.66899
17 0.5306"-Ol l.0838"f02 NIM 0.98967 0.81127 0.92738 0.30673 0.70969
18 S.7846"-03 1.16400*01 NM 0.99160 0.64?15 0.90136 1.ZQ94A 0.75340
19 4.29261-03 1.1142.01l NM 0.99478 0.89705 0.96402 0.15487 0.83474
20 S.0546"-03 1.50640+01 NM 0.99825 0.96340 0.93809 1.03191 0.93933
21 6.3246*-03 I.6152*+Ol NM 0.99991 0.99800 0.94931 1.00M7 0.99663

D 22 7.5946*-03 1.6215~4#0 N4M 0.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES OeM A5SUME PuPO AN0D VAN URIEST

58050802 MOORE PROFILE TABULATInN 22 POINTS, DELTA AT POINT 22

1 y PT21P P/PD To/TOD M/MD U/UC T/TO RHO/RHOOEU/UD

1 0,0000-+00 1,0000"tl0 NM 0.92564 0.00000 0.00000 3.22667 0.00000
2 a.5i900'-o9 3.09901+00 HIM 0.9S416 U.q0085 0.b2794 2.37642 0.26003
5 3.0460*-04 3.1271"+00 N" 0.9%600 0.41001 0.63818 2.32979 0.27510
9 4.$7200-04 3.92781+00 Nm 0.96050 0.96291 0.68367 2.089s2 0.31276
5 7.1120"-04 4.4523*to0 NM 0.9&396 0.49702 0.71710 2.09265 0.34449
6 9.bs2O".09 4.8084"+00 NM 0.96615 0.5091$ 0.7372% 2.02652 0.36559
7 1.21921-0$ 5.1856*+00 NN 0.96830 0.54156 0.75662 1.95094 0.38763
8 1.4732"-03 S.1%381+40 NM 0.97026 0.562%5 0.77397 1.89285 0.40889
9 I.7272"-03 6.0690"+00 NM 0.97282 0.59064 0.79594 1.01602 0.43629
to 1.96121-03 6.5373*#00 NM 0.97497 0.60504 0.82395 1.75246 0.46473
It 2.2352".U3 7.1411't00 NM 0.97753 0.64511 0.81485 1.67475 0.49849
12 2.469?'-03 7.7864'tO0 NM 0.98002 0.167514 0.85974 1.59942 0.13424
1s 2.7?.3a203 6.45574100 NM 0.96238 0.70610 0.87319 1.52911 0.57101
19 2.9472*.03 9.2613000O NM 0.9$44b5 0.13674 0.890,50 1.16U96 0.60955
15 3.2512.03 9.8632"400 NMA 0.96677 0.76661 0.90041 2.34727 0.64870
26 S.50520-03 i.063wAol NM 0.96886 0.79801 0.92t85 1.33440 0.119081
17 5.71921-03 1.14S24+61 NM 0.99079 0.8253? 0.93588 1,27641 0.733M
16 4.01320-03 2.1266*+01 NM 0.99266 0.85929 0.94992 1.Z2031 0.77787
09 4.5212".03 1.3766"+0l NM 0.99S64 0.92234 0.97018 1.03052 0,88795
20 S.28391-03 1.47*1 NM 0.99851 0.96851l 0.909%1 1.04469 0.94757
22 6.5532"-03 1.6278*+Qt NIM 0.99972 0.504014 0.99809 1.008?7 0.9694b

0 la 7.52321-03 i.s968'+O1 NM 1.00000 1.90000 1.00000 0.00080 0.00000

INPUT VARIA6LES YM ASSUME PvPD AND VAN DRIE8T



5805-C-2

58050803 MOORE PROFILE TABULATION 21 POINTS, DELTA AT POINT 21

I Y PT2/P P/PO TO/TOD f4/MD U/UO T/TD RHO/RIiOD*U/UD

1 0.0000"+00 1.0000".00 NM 0.92659 0.00000 0.000)0 3.15007 0.00000
2 2.5400"-04 3.3644'+00 NM 0.95711 0.42927 O.bQ480 2.25625 0.2e578
3 3.0480"-04 3.55o0"+00 NM 0.95858 0.44371 0.66011 2.21330 0.2ga25
0 4.3180"-04 4.0270-+00 Nm 0.96l97 0.4771,8 0.09423 2.113q4 0.32841
5 6.8580"-04 4.6010÷+00 NM 0.96568 0.51530 0.72971 2.00530 0.36389
6 9.3io0"-04 5.0021"t00 NM 0.96005 0.50013 0.7s515 1.93587 0.38820
7 1.19358-03 5S.918"+00 NM 0.97023 0.56351 0.77101 1.87204 0-.:110b
8 1.4q41-03 5.8056'+00 NM 0.97233 0.58a61 0.78932 1.81058 0.,3595
9 1.7018"-03 6.27W5+t00 NM 0.97457 0.61201 0.80844 1.74492 0.46331

10 1.9558"-03 6.1,84"'00 NM 0.97680 0.63857 0.82731 1.67852 0.49288
I0 2.2098"-03 7.3469"+00 NM 0.97914 0.66657 0.8EbO6 1.61106 0.52516
12 2.4638"-03 7.9154"#00 NM 0.98123 0.90371 0.86316 1.54822 0.55752
13 2.7178"-03 8.5390'#00 NM 0.98345 0.72229 0.88010 1.48072 0.59277
14 2.9718"-03 9.1947"t00 NM 0.98555 0.75115 0.89616 1.4233f 0.62961
15 3.2258"-03 9.8205B,00 NM 0.98739 0.77771 0.92007 1.36935 0.66460
16 3.4798"-03 1.0569"M01 NM 0.98902 0.80831 O.q2513 2.30992 0.70625
17 3.7338"-u3 1.1235"+02 NM 0.99108 0.83458 0.93728 1.2612b 0.70310
18 4.24190-03 1.2758"tot NM 0.99445 0.89174 0.96147 1.16250 0.82707
19 4.74985-03 1.4239+Ol0 NM 0.9",726 0.94400 0.98116 I..OdOA 0.90820
20 S.ma78"-03 1.527b•+01 NM 0.99900 0.97893 0.9931b 1.02930 0.96489

D 21 6.5278"-03 1,5919.+ol NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YoM A33UME PmPD AND VAN DRIEST

58050804 MOORE PROFILE TABULATION 22 POINTS, DELTA AT POINT 22

I Y PT2/P P/PD TO/TOD H/MD U/UD T/TO RHO/RHOD*U/UD

1 0.0000"+00 1.0000"+00 NM 0.92584 0.00000 0.00000 3.22647 0.00000
a 2o.S000-94 3.13050+00 NM 0.95445 0.00369 0.62115 2.3675b 0.26236
3 3.3020"-04 3.5356"O00 NM 0.95766 0.034bl 0.65so0 2.27137 0.28837
0 5.0420"-04 4.29771+00 NM 0.96299 2.48709 0.70771 2.12229 0.3352?
5 8.3820"-04 4S5318+00 NM 0.96628 0.52057 0.73807 .01239 0.3669b
6 1.092c"-03 5.29%5+00 Nm 0.96889 0.54710 0.7b1. 1 .34i3 0.39388
7 1,3064*-03 5.7537"÷O0 HM 0.97128 0.573b2 0.7M279 4.eiP227 0.4203Q
8 1.6002-03 b.2139"+00 NM 0.97351 0.59830 0.80170 1.74553 0.406so
9 i.OS42'-03 6.716so500 NM 0.97576 0.62411 0.02041 1.72796 0.47078

10 2.1082'-03 7.217"+00 NM 0.97783 0.b6879 0.,4373L Q.66,5 0.50R72
I 2.3622'-03 7.7742"00 NM 0. 9 719 7  0.17518 '.'05-30 1.601"B 0.53356
Ik 2.6162•-3 B.13460+00 NM 0.981,7 0.700V1 v.,'6'WM i.5s10 0.56438
.3 2.8702-"03 8.4096"+00 NM 0.98386 0.72596 0.8852 1.'.056 0.59582
14 3.1242"-03 qMS24+÷00 NM 0.98571' 0.7520e6 0.09874 1.42(2 0.62911
IS N. 3782"-03 1.0184"*01 NM 0.98760 0.7790: 0.412r7 1.37032 0.6649'
1b o.6322'-03 1.05230+01 NM 0.989J7 0.50026 12145281 1.32226 0.0t994
17 3.8662*-03 1.15351+01 NM 0.99099 0.83109 0.9j27 1.27061 0.71765
18 4.1402"-03 1.?2700+01 NM 0.9926! 0.85872 0.94900 l.A221 0.777AS
19 4.64821-01 .. 3755"+91 NM 0.49558 0.91121 0.96976 1.13Kb4 0.85619
20 t.15b24-O1 2.3058"÷01 NM 0.99784 0.95489 0.P8530 10.6"79 0.92537
21 5.9182'-03 1,6018M÷01 NM 0.9Y934 0.98,82 0..)9554 .C1982 0.ll7ft9

0 22 7.18021-03 1.64686"+O Nm 1.00000 ý.00000 1,00008 1.0(000 1.00000

INPUT VARIAdLES YO r.68UME PBPO AND VAN DRIEST

58050605 PROFILE TABULATNOW 22 POINTS, DCLTA AT POINT 22

1 PTZ/P P/PD TO/TOO 14.'lu U/U', T/T') Rý.tRHOU*U/UD

1 0.00001+00 I.O0QO0.Oo NM 0.92'127 0.G0l0• 0,00000 2.90447 0.00010
? 2.54000-04 2.?|I.8"÷00 NM 0.95438 0.39905 0.59576 2.22852 0.26733
3 3.)480'0Ql 2.9936"900 NM 0,95b84 0.42454 0.b6427 2.16227 0.28871
* 3.8100".04 3.2387"t00 NM 0.95088 0.44571 0.64700 2.10724 0.30700
S 6.3500'".04 3.8212"+00 NM 0.96331 0.49002 0.09373 1.90793 0.34807
6 1.89001-04 40.293"00 NM C.9o653 0.52630 0.72580 1.q0122 0.38175
7 1.1430'-03 4.6871"+00 NI.W 0.90901 0.55337 0.74952 1.81056 0.4085b
8 1.3970"-03 S.0982"#00 NM 0.97140 0.58006 0.77176 1.77015 0..35,38
9 10.65'*-0S 5,5234".00 NM 0.97370 0.60640 0.79258 1.70810 0.46402
10 1.9050*-03 5.4364"YO0 NM 0.91579 0.63098 0.81098 1.65192 0.49093
I: 2.1590*-03 6,1444',0( NM 0.9772 O.654al 0.82462 0.59999 0.51l7•
12 2.4130"-03 6.7707+00 NM 0.9796Q 0.67822 0.84389 1.54820 0.50508
13 1.6670'-03 7.2760*400 NM 0,98169 0.70460 0.86092 1.49092 0.57667
14 2.92104-03 7.7681s00 NM 0.96359 0.72975 0 P.7631 1.44599 0.60771
15 3.1150.-03 4,19031+00 NM 0.985"6 W75552 0.9127 1.39163 0.64045
16 1.4290*-03 8.8114*00 NM 0.96•0 0.76031 0.90496 1.34450 0.67293
17 3.6830*-Q0 9.33157*00 NM 0.98863 0.80460 0.917bt 1.30075 0.70548
s8 3.9370"-03 4.8405"+00 NM 0.99033 0.62761 0.4291i 1.26M38 0.73718

19 4.4950*-03 1.10•41#0| NM 0.99345 0.8?822 0.9o5ss 1.170144 0.60469
20 4.9%30*'C-k ,.1239q*0l lim 0.99624 0.91730 O.M7s08 1.i0117 0.85361
at 5.7250"-01 I.)•54"'00 NM 0.9990f) 0.98!60 0.91355 1.02050 0.46979

D 22 6.9850"-01 1 .41 '%T.01 NM 1.00000 1.00000 1.90000 .0 000 0.00000

INPUl VARIABLES Y*M A#SUME PUPP ANO VAN •RIEST



590 1-A-I

oxisymmetric M ; 8-10 5901
SR THETA X 10 '3 : I - 3

/ •' ... TW/TRP : 0.5
FPG - SHT

Conical nozzle. Continuous running. D - 50 mm.

3.4 < PO < 6.2 MN/m 2 . TO 756 K. "Superdry" Nitrogen. 5 < RE/m X 1o"6 : 10.

HILL F.K.. 1959. Turbulent boundary layer measurements at Mach numbers from 8 to 10, Physics Fluids, 2,

778-680.

And Hill (1956) and private communications.

I The test boundary layer was formed on the wall of a conical nozzle (semi-apex angle 60) with an outlet

diameter of 50.8 mm. The surface was of electroformed nickel with a roughness less than 0.13 .im, An insert

could be placed in the throat so as to increase the expansion ratio. The nozzle wall was cooled by the

2 surrounding room air, and ran until temperatures had reached equilibrium. The flow was "uniform and stable".
3 No measurement of transition is reported, but it is stated to be "consistent". The bnundary layer had passed

4 through the very strong expansion at the throat, hut pressure and Mach number gradients in the test area

S were small, the flow in the free stream being very close to a spherical source flow. There was no evidence

of cross-flow or separation in the boundary layer, and the nozzle was mounted so that It could be rotated

about its own axis, the probes remaining stationary, providing a check on the axial symmetry of the flow,

No circumferential variations were found within experimental accuracy,

6 Wall pressure was measured using a small static hole at the axial location of the profile normal. The wall

temperature was recorded by a thermocouple mounted in an open port, flush with the wall surface, and sealed

with cement,

7 Pitot measurements were made with a rake carrying four probes at y intervals of 13(E) nmn. The two central

probes were CPP (d1 - 1.07, d2 - 0,71,1 - 25 me) while the two outer probes were FPP (hI - 0.20, h2 * 0.13,

bi * 1.6 [El , 1 - 25 me) formed by flattening the tube used for the inner probes. The rake could be
traversed right across the nozzle so that the outer FPP could enter the boundary layer on either side and

approach the wall. Four identical total temperature probes were mounted In a similar manner. These were

STP consisting of a ceramic tubing shank (d - 2,5 mm) carrying an iron-constantan thermocouple with a

vented shield which reduced in diameter towards the tip, so that the tip face had dI - 1,27, d2 - 0.51 mm.

The overall slender length of the probes was 51 mam. A static pressure survey showed negligible normal
8 pressure gradients. Measurements were made at two stations, 50.8 ram apart, and at distances X from the

throat of approximately 190 [E) and 240 [El mm. Pitot and total temperature traverses were made on the

same normal using the some traverse gear, perpendicular to the axis of the nozzle.

9 The profiles were obtained in a very large number of runs, for which there were slight variations of total

temperature and pressure from the selected nominal values, Spot profile values were cross plotted and
normalised to the nominal total state. (For all runs one at least of the probes was in the free stream),
The total tentperature values were interpolated to the y-values of Pitot measurements. In general the wall
temperature was obtained by extrapolating the TO profile to the wall. The value so deduced agreed with
that recorded by the thermocouple to 'within a few degrees". The author also presents skin friction and
heat transfer values obtained from the gradients of the velocity and total temperature profiles close to
the wall. The author's recovery factor was 0.85.

10 No corrections were applied to the profile data, the possible viscous and rarefied flow effects having been
calculated to give errors less than 1 1, and any profile measurements near the wall being rejected when

11 interference effects were observed (approximately when Y was less than hl). Viscosity values for data
12 reduction were taken from "Tables of thermal properties of gases" (Hilsenrath, 1955). The editors

have presented all those data supplied by the author. Some of the boundary values, especially wall temperature,
are revised, correct, values which differ from the published papers. The Y-value for the D-state has been
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arbitrarily set well outside the boundary layer, and the 0 state stagnation values to the nominal tunnel

stagnation values. Our standard integration procedures proved unable to handle the scatter in the data

sensibly, so that for this entry the integral values have been obtained using a trapezoidal integration

rule.

13 The profiles consist of three sets, The first two which have been combined in series 01-04 consist of

profiles measured at two stations on the nozzle, one about 50 mm upstream of the exit (author's station 0)

and the other very close to the exit (author's station A). The third set consists of four individual profiles

14 taken at the nozzle exit with the throat insert in place, so giving a higher Mach number, The wall sheor

stress and heat transfer figures are the author's values obtained from the wall profile gradients.

§ DATA: 5901 0101-0801. Pitot and TO profiles Obtained separately and normallsed to nominal reservoir

conditions. NX I or 2.

15 Editors' commnts

The geometrical arrangement here is similar to that of Perry & East - CAT 6801 and the Mach numbers are

similar. The Reynolds numbers are, however, low by comparison and in no case has the inner region become

fully turbulent. The outer region conforms very well to the transformed velocity profile expected of a

fully developed ZPG boundary layer (Fernholz 1969). There are larg, differences between the measured

temperature profiles and the values given by the Van Driest temperature velocity correlation.

Each profile Is described by a great number of data points, which, however, display considerable scatter.

The measurements extend within the momentum-deficit peak, but in some cases (0102. 0201, 0301) there

remains a significant total pressure gradient in the outer part of the profile, so that the author's

D-state position is not sufficiently far out.

CAT 5901 HILL BOUNDARY CONDITIONS AND EVALUATED DATA. S1 UNITS.

RUN MD " TW/TR REh2W CF t H12 H12K PW PD
X * PO0* PWI/PD* RLnOD Co H32 1I32K TM* TO
RZ * TOD* 5W * D2 P12 H42 D2x UD TR

59010101 8.2540 0.5308 3.3245"+02 9.000"-04 11.3585 1.9687 2.8124+02 2.8812"+02
1.9000"-01 3.4474"+06 1.0000 Il.|8I"+03 1.5310'-0L 1.7636 1.6829 3.6222*+02 5.1659"+40

-4.0069o-02 7.SS,56o02 0.0000 3.0094"-04 NM 1.2480 7.5778"-04 1,2087"+03 b.8525"+02

59010102 9.0400 0.5160 2.50Q26'02 9.1300'-04 13.8518 2.2738 1.5865"+02 l.5865"002
2.4000'-01 3.447"'+06 1.0000 1.643'"tO3 1.6520"-04 1.7460 1.690S 3.5167"+02 .3S62*+01

"-2.5240'-02 7.55Wo"+02 0.0000 3,3757"-04 NM 1.2923 9.3649I"-0 1.2156"+03 6.81W+02

95010201 8.2740 0.5537 4.1961"+02 8.4000"-04l 0.0068 1.8914 3.4033"+02 3.4033"+02
1.9000"-O0 4.1368"+06 1.0000 2.4602N.03 1.3620'-0'1 1.7840 1.704S5 3.77a8÷02 5.14271+01

-2.0069"-02 7.5056O'02 0.0000 3.3000'-04 NM 1.318k 7.7347"-041 .2089+O03 6.0233"+02

5900202 9.0700 0.5274 2.8031"#02 8.7000"-04 13,9600 2,0a20 1.8626"*02 1.8626"*02
2.4000-01 4,1368*+06 1.0000 1.R8?1"403 1.3750"'04 1.8OU3 1,7058 3.5944"+02 .3291"+0l

-2.5240"-02 7.556"+02 0.0000 3.2515"-04 NM 1.2834 9.048a"-04 1.2159"+03 6.8148"t02

59010301 8.2060 0.5537 4,45354+02 7.9600"-04 10.5651 1.8833 3.7927"+02 3.7927"O2
1.9000'-01 4.6540"*06 1.0000 2.6178r+03 1.2790"-04 1.7907 1,7102 3,7778"*02 5.128"+01"-2.0069"-02 7.5556*t.2 0.0000 3.t340"-04 NMP 1.2941 7.440"'-O4 1.2090"+03 6.8231P+O0

S9010401 8.2440 0.S423 4.70761+02 7.16400"-04 11.0830 1.5771 4,1877"W0 4.1877"+Oe

1.9000'-01 5.17?1"o+6 1.0000 2.73070+3 1.1a80"eo0 1.79o 1.7139q 3.7000"+02 S.1190+201
"-2.h540'-02 7.555•6o2 0.0000 26q00'-04 NM 1.2111 7B.574"-04 1.2091"+03 6.8230"+50

SqOt0402 9.1o00 0.S62 3.16660+0a a.0•000-04 14.2930 2.0420 2.08el"#02 2.2T610+02
2.40000"-01 5.1111'406 1.0000 2.19•44003 1.2a9o*-o4 1.6052 1.7159 3,/722"+02 4,3022b*O!

-ý.52400-02 7.55564+02 0.0000 3.O609*-O4 NIA 1.266• 5.5754"-04 1.2161"0#0 6.810"02•

sqotoocI 10.0300 0,5157 1.31596802 8.4i00"-04 21.4974 2.4460 9.549"+Ol 9.S49,+O1
2.40004-01 A.136e+o06 1.0000 1.0542003 1.79600-04 1.7659 1.6406 3.8331'"01 3.9062.403

"-2.52d0"-02 6.2So00+02 0.0000 2.7675'-04 NM 1.2078 1.0391'-03 1.277.o+03 7.14326+01

59010601 10.0400 0.4918 1.51I5bm02 7.6100"-0* ?P.755 2.4604 1.1074'+02 l,10744+02
2.o000o-o 4.11263"+06 1.0000 1.140403 1.6340.-Q4 1.7874 1.6518 3.6156"+02 3.896V+.01

-*,.5ao0-oz *,+20O"+O 0.0000 2.5716-04 N4 1.1714 9.15964-04 1.27730+03 7.4325#.02

SeOoo70t 10.050o 0,404 1,87474+01 6.4600@.04 t.0746 2.4556 1.257120+02 I.25720+0
2.4000o-0o 5.5158'+46 1.0000 1.3701"03 1.5690"-04 3.609 1,06723 3.1664'+0l 3.891i+"0l

-a.5sao'-oa e.Saoreoa 0.0000 2.7oooo"-4 WM 1.219 9.44900•.0•.O+ 0.277 o3 7.R3l5.02

%9010801 10.0600 O.4714 1,903'0*0 .7o00*-04 22.7846 2.4655 1.40%0"+0 1.401,000+1
l.4000'-Ol 4.1S35"+o0 1.0000 1.3993"fOl 1.6060"-04 1.6012 1.6676 3.51l+t01 3.S0AO0+01

-2.a4o0-02 6.1500408 0.0000 2.4853"-04 NM 1.161 9.1763?"-O4 i.277r+03 7.432ft+.0

TRAPEZOIIAL RULE FOR ALL INTEGRATIONS
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59010101 HILL PROFILE TABULATION 28 POINTS, DELTA AT POINT 28

1 y PT2/P P/PD TO/TOD M/MO LI/UO T/lD RHO/RHO0*U'U0

I 0.0000"o00 1.0000"+00 1.00000 0.4791st 0.00000 0.00000 7.01173 0.00000
2 3.1750"-04 1.7971"+00 1.00000 0.51757 0.11568 0.29270 6.40250 0.00572
3 3.8100"-04 1.8870"+00 1.00000 0.52234 0.12083 0.30500 6.37202 0.04787
4 b.7310"-04 2.6478"400 " .00+00 0.54065 0.15009 0.37830 5.95740 0.06350
5 1.0170"-04 3.2573"+00 1.00000 0.55503 0.17b65 0.42160 5.69581 0.07402
6 9.210"-04 3.3696"+0O 1.00000 0.55896 0.18032 0.42920 5.66512 0.07576
7 9., *"-0 7.1879'+00 1.00000 0.57267 0.27ou7 0.56000 0.10271 0.13609
8 1.6510"-03 1.1500•÷01 1.00000 0.b2132 0.35454 0.648q0 3.34979 0.19371
9 1.6891"-03 1.57?2•"01 1.00000 0.63424 0.41699 0.69140 2.75324 0.25130

10 1.9S58"-03 !.9535"+01 1.00000 0.65914 0.06988 0.72870 2.400O5 0.30298
It 2.5273"-03 2.7052"÷01 2.00000 0.70477 0.55053 0.78040 2.009 1 0.38837
12 2.5908"-03 2.9839"t01 1.00000 0.71732 0.57868 0.79470 1.88sq7 0.42136
21 3.0861"-03 3.0990"+01 1.00000 0.74216 0.58991 0.811t0 1.89052 0.02904
14 3.2512"-03 3.32390+01 1.00000 0.75552 0.61126 0.82330 1.6t814 0.4538?
1i 3.2766b-03 3.7602"÷01 1.00000 0.76679 0.65102 0.83760 1.65534 0.50600
16 1.7592"-03 3.8629"e01 1.00000 0.79072 0.65961 0.65220 1.66921 0.51054
17 3.7973"-03 0.3128"+O6 1.00000 0.80085 0.69741 0.86640 1.54335 0.56138
Id 4.0513"-03 0.?6f0"*Ol 1.00000 0.81530 0.69374 0.87100 1.57778 0.54230
19 4.1148"-03 4.5924"401 1.00000 0.82502 0.71990 0.88075 1.144679 O.5882
20 4.229,"-O 4.8960"10O 1.00000 0.58554 0.74358 0,91005 1.51769 0.b0358
21 5.1308"-03 6.3578"01 1.00000 0.91024 0.80824 0.90160 1.23223 0.76414
22 5.5499"-03 6.8639"t10 1.00000 0.93635 0.88160 0.9S830 1.18158 0.81103
23 6.1722*-03 7.9740"#01 1.00000 0.98680 0.95067 0.98980 1.08402 0.91308
20 6.896|-03 8.400÷010 1.00000 1.00101 0.97590 0.99880 1.04748 0.95353
25 .,556b'-03 8.6135,'401 1.00000 1.00000 0.98827 1.00140 1.02676 0.97530
26 8.0645"-03 6.6031"+01 1.00000 1.002S2 0.98767 1.00000 1.02595 0.97510
27 8.223"'-03 8.7060"101 0.00000 1.00100 0.993%9 1.00180 1.01659 0.98505

D 28 I.5240"-02 8.8161"101 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLE3 YFMU/UD
O-STATE ARTIFICIAL YmO.6 IN AT 144#10#11,12il,20O,25 DATA WERE AVERAGED

59010102 HILL PROFILE TABULATION 38 POINTOt DELTA AT POINT 38

I y PT2/P P/PD TO/TO 14/14D U/UD T/TO RHO/RHnO*U/UD

1 0.0000"+00 l.0000+"00 1.00000 0.46544 0.00000 0.00000 8.07276 0.00000
2 6.0770"-04 1.7306"+00 1.00000 0.41324 0.10158 0.25220 6.1Z780 0.00116
3 7.2390*-04 1.8776'÷00 1.00000 0.00078 0.10985 0.26600 5.06010 0.04536
0 7.4930*-04 1.7754'+00 1.00000 0.53189 0.10002 0.29220 7.82q85 0.037:.
5 9.0170"-04 1.7537"+00 1.00000 0.S040q 0.10321 0.29260 8.03752 0.03600
6 9.5250"-04 2428S0+400 1.00000 0.35570 0.12799 0.35290 7.b0280 0.00602
7 1.0795"-03 2.7751*400 1.00000 0.5612S 0.14591 0.39210 7.22173 0.05029
8 |.1597"-03 2.3245"+00 1.00000 0.56524 0.129•4 0.35930 7.69374 0.00670
9 1.1938"-03 2.92854+00 1.00000 0.57048 0.15100 0.40540 7.20040 0.05620

10 1.9065"-03 3.2643*400 1.00000 0.57161 0.16150 0.42580 6.9SO92 0.06126
1 1.2827"-03 3,8579"÷00 1.00000 0.57805 0.17583 0.0620 6.59445 0.06948
12 1.5113"-03 4.S692"900 1.00000 0.55005 0.19668 0.47.50 5.8.086 0.08135
13 1.5621"-03 5.6712't00 1.00000 0.6415a 0.22190 0.55100 6.16564 0.08937
10 1.9655"-03 1.0362"'01 1.00000 0.b317 0.30653 0.63700 0.31860 0.10750
15 2.1209"-03 1.0592"eOl 1.00000 0.652b0 0.31262 0.65170 0.37380 O.L0900
16 2.1063"-03 1.1671"401 1.00000 0.65612 0.32622 0.66490 0.15032 0.16005
17 2.3495"-03 1.6477"÷01 1.00000 0.67928 0.39004 0.71700 3.37917 0.21218
I$ 2.b503'-03 1.9420*"01 1.00000 0.69952 0.42065 0.744010 3.07586 0.20201
19 2.9165"-03 2.S212•401 1.00000 0.72321 0.40496 0.78040 2.58959 0.30136
20 2.9337T-03 2.798S1t01 1.00000 0.72791 0.51139 0.79120 4.39366 0.31054
21 3.0353"-03 2.5620"+OI 1.00000 0.73062 0.48894 0.78570 2.58229 0.30426
22 3.4290"-03 3.02111*01 1.00000 0.76000 0.53169 0.81425 2.34528 0.30719
23 3.4544*-03 2.9053"÷01 1.00000 0.77122 0.52124 0.82730 2.45861 0.33242
20 3.7719"-03 3.4521÷t01 1.00000 0.77756 0.56892 0.83320 2.14088 0430046
25 3.9497"-03 3.67135=01 1.00000 0.78506 0.58695 0.84110 2.05351 0.00959
26 4.2418"-03 3.96685*01 1.00000 0.80275 0.61040 0.85550 1.96367 0.03557
27 5.7023*.0S S.7808"÷01 1.00000 0.87248 0.73850 0.91240 1.52602 0.5977T
28 5.9182"-03 5.9075'.01 1.00000 0.88098 0.70635 0.91780 1.51221 0.60693
29 6.24840-03 6.Oq4**'01 1.00000 0.89601 0.78370 0.93010 1.40837 0.66041
30 7.1628"-03 8.20033O01 1.00000 0.94133 0.88031 0.96220 1.19470 0.80539
32 1.549*-03 0.6006"÷01 1.00000 0.95417 0.90166 0.97040 1.15824 0.83779
32 7.6501"-03 S.65I2*+0I 1.00000 0.95149 0.90048 0.96925 1.24835 0.84004
13 7.7551*-03 8,8?777*÷0 1.00000 0,95423 0.91615 0.97|s0 1.1244 0.8639534 8.o087*-03 1.0026"+02 1.00000 0.98$476 0.91389 0.99080 1.03502 0.95728
15 6.781*'-03 1.0035"+02 1.00000 0.95270 0.97162 0.99150 1.20082 0.9576b

36 9.06TS"-03 1.0644"+02 1,00000 0.99652 1.00597 0.94860 0.9553q 1.01340

37 9.1059*-03 1.0346"+02 1.00000 0.98330 0.98938 0.99100 1.00328 0.98776
D 38 1.5240-02 1.0568"+02 1.00000 1.00000 1.00000 1.03000 1.00no0 1.00000

INPUT VARIA3LES YoMtU/UD
D-STATE ARTIFICIAL YV0.6 IN AT Im22,32 DATA WERE AVERAGEO



59010401 HILL PROFILE TABULATION 29 P-INTS, DELTA AT POINT 29

I PT2/P P/PD TO/TOO I/14D U/UD T/TD RHO/RHOD*U/UD

1 .0000".00 100000"1O0 1.00000 A.,8971 0.00000 0.00000 7.22712 0.00000
e 3.175D"-04 2.0283"t00 1.00000 0.52915 0.12760 0.32230 6.38015 0.05052
3 3.8100"-00 2.30q0"#00 1.00000 0.53516 0.14052 0.35020 b.21063 0.05639
Q 6.73!0"-04 2.q934'o0O 1.00000 0.55742 0.16686 0.00695 5.94708 0.06a02
5 9.0170"-00 4.0873"#00 1.000f0 0.58138 0.20112 0.47220 5.51234 0.08566
6 9,52501-04 4.7442"÷00 1.00000 0.58704 0.21598 0.50030 5.21989 0.09500
7 9.7790"-04 1.232otO1 i.00000 O.b0425 0.36582 0.60810 3.L3872 0.206049
B l.6510*-03 .SIq0"tOl 1.00000 0.65890 0.40779 0.70130 2.95758 0.23712
9 1.6891"-03 1.93•2*"01 .00000 0.69670 0.46211 0.70670 2.61102 0.28598
10 i.9558"-03 2.25?5"f01 1.00000 0.69296 0.49904 0.75855 2.31044 0.32831
I1 2.S273"-03 ?.8671"+O. 1.00000 0.73933 0.56031 0.80355 2.02763 0.39630
12 2.5918"-03 3.1nsl"+0L 1.00000 0.80339 0.59573 0.84575 2.01550 0.01962
13 3.08o."-03 1.2701"+01 1.00000 0.77605 0.60329 0.83300 1.q0649 0.3b693
14 3.2512"-03 3.4948'101 1.00000 0.79085 0.62397 0.84550 1.83612 0.004&0
15 3.2766"-03 3.9948"+Ol 1.00000 0.80190 0.66768 0.86000 1.65900 0.5183b
16 3.34010-03 4.2578+01 1.00000 0.80862 0.68951 0.06740 1.50233 0.50818
17 3.7592'-03 0.1tq0O9÷O 1.00000 0.82726 0.68059 0.67580 1.65593 0.52889
18 3.7973-.03 4.5499"M0I 1.00000 0.81242 0.71307 0.87320 1.499• 6 0.58230
19 4.0513'-03 4.0714+01 1.00000 0.84072 0.70682 0.88940 1,58333 0.56173
20 4.1108"-03 4.88990+01 1.00000 0.85719 0D73950 0.90090 1.48415 0.60701
21 4.2290-03 5.1087"+0l 1.00000 0.92090 0.75900 0.93860 1.5292M 0.61377
22 5.1308'-03 6.7489"÷01 1.00000 0.92702 0.B6992 0.9q250 1.1887 0.79050
23 5.5o9q"-0S 7.3944"+O 1.00000 0.95183 0.91080 0.96890 1.13155 0.85b26
29 6.1722"-03 8.34?10+01 1.00000 0.981 0.96811 0.98050 J.04257 0.9O814
25 6.8961".03 B.b?575O| 1.00000 0.9q5s3 0.98603 0.99680 1.02197 0.97537
2o 7.55bS"-03 S.b6b5"00 1.00000 0.99606 0.98650 0.99710 1.02153 0.97609
27 8.0645"-03 8.6093*+41 1.00000 0.99252 0.9832q 0.99510 1.02417 0.97162
28 4.21231-03 8.6655"+01 .o00000 0.99347 0.98648 0.9•5ao 1.01868 0,97726

O 29 1.52140"-0? 8.4033"401 1.00000 1.00000 1.00000 1.00000 1100000 1.00000

INPUT VARIA31LLS YM.U/UD
0-STATE ARTIFICIAL YO.b IN AT Il4t1v,.1,#12#?0,2126 DATA hERE AVERAGED

59010002 HILL PROFILE TABULATIGN 35 POINTS, DELTA AT POINT 38

I y PT2/P P/PD TO/TOD M/MD U/UD T/Tb RHO/RHOD*U/UD

1 0.0000'+00 1.0000,400 1.00000 0.49265 0.00000 0.00000 8.65187 0.00000
2 b.770"1-04 1.9749*t00 I.00v00 0.55678 0.11384 0.32300 8.05027 0.04012
3 7.4990"-00 2.2091"400 1.00000 0.56383 0.12407 0.30850 7.89043 0.04017
4 9.0110"-04 2.7653,tOo 1.00000 0.57688 0.10062 0.39670 7.32081 O.0272
5 9.52SON-04 3.21321#00 1.00000 O.5121 0.15890 0.42630 7.1974a 0.05923
6 1.079s"-03 4.7063"to0 1.00000 0.59615 0.19868 0.09990 6.33071 0.07896
7 l.1557Y-03 3.5861"+00 1.00000 0.58235 0.16978 0.40070 6.92242 0.0h053
8 1.1938*-03 4.I033*o00 1.00000 0.60612 0.19231 0.0q90O 6.60101 0.07485
9 1.2065*-03 4.6466'•00 1.00000 0.b0067 0.19725 0.4q060 6.01503 0.07784
10 1.2827'-03 b.7007U+00 1.00000 0.61075 0.24231 0.5b690 %.47367 0.10357
00 1.5113*-03 8.033j-+0O 1.00000 0.63856 0.26615 0.60460 5.16025 0.1171b
12 1.5b1"-0S 8.90304+00 1.00000 0.640220 0.28110 0.62130 4.86522 0.12718
13 1.8411"-03 1.789"+01 l1.00000 0.68392 0.40363 0.72710 3.21779 0.22397
10 2.1o09'-03 l.b989*+00 1.00000 0.69419 0.39363 0.72780 3.41866 0.M1269
15 2.1463"-03 1.7962"+01 1.00000 0.69790 0.40505 0.73550 1.29710 0.22307
16 2.0765"-03 2.6100'÷01 1.00000 0.71179 0.49033 0.77670 2.50917 0.30954
17 2.6492"-05 2.62t"+÷01 1.00000 0.70038 0.49143 0.79250 2.60063 0.30473
18 2.9155"-03 2.92%9q"01 1.00000 0.75745 0.51967 0.81020 2.43068 0.33332
19 2.9337"-03 2.0871"*01 1.00000 0.7S902 0.52516 0.81280 2.39539 0.33932
20 3.0353"-03 2.9259"t01 1.00000 0.76420 0.51967 0.81380 2.45233 0.33185
21 3.4290"-03 3.31214401 1.00000 0.78066 0.55073 0.83400 2.26035 0.36897
22 3.050'-93 3.4494001 1.00000 0.75132 0.56495 0.80850 2.09906 0.38994
23 3.7719"-03 3.T001"t0 1.00000 0.80292 0,58538 0.85080 2.|1218 0.40217
24 3.9497'-03 3.8609"t00 1.00000 0.80971 0.59813 0.85710 2.05338 0.41741
2S 4.2418"-03 4.1886"t01 1.00000 0.52303 0.62330 0.86910 1.94024 0.40701
26 5:.7023-03 6.2030"÷01 1.00000 0.89263 0.75989 0.92570 1.48402 0.62378
27 5.9182'-03 6.4276"÷ol 1.00000 0.90490 0.77363 0.93360 1.45633 0.64106
28 6.2486"-03 7.0607"t0l 1.00000 0.91713 0.81110 0.90380 .35348 0.69706
29 7.16286403 8.4950"+Ok 1.00000 0.99783 0.ot615 0.97340 1.12888 0.86227
30 7,5490"-03 9.0470+01 1.00000 0.96318 0.91879 0.97630 1.12910 0.86467
31 7..680"-03 9.02986"01 .00000 0.96676 0.90791 0.97805 1.13532 0.86147
32 7.7S51-03 9.0380"#0l 1.08000 0.96838 0.91385 0.97890 1.13621 0.86155
33 8.6487'-03 1.0%36*"02 1.00000 0.99374 0.99187 0.99640 1.00916 0.99736
34 8.6701-03 1.0'03'*02 .00000 0.96987 0.98747 0.99420 1.01367 0.98079
3s 9.0678"-03 l.0788'+02 1.00000 0.99778 1.00374 0.9991 0.99078 1.00839
36 9.1059"-03 1.0680'*02 1.00000 0.99735 0.94868 0.99860 0,)9980 0.99876
37 9.17264-03 1.0758"t02 1.00000 0.99970 1.00231 1.90000 0.99540 1.00062
38 1.5240'-02 1.0708"+02 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIZALt8 YMpU/UD
O-STAPT ARTIFICIAL VoO.6 Ill AT 1.2m31 DATA WERE AVERAGED

• •--. .



59O2-A- I

M __55902

- R THETA X 10'3 : I - 4.5

TW/TR : 0.65 - 0.95 ZPG-MHT

Continuous tunnel with fixed contoured nozzle, W - H - 0.12 m (E).
0.5 < PO < 0.75 tN/mi2 . 340 < TO < 500 K. Air. 8 < RE/m X 10"6 < 16.

WINKLER E.M. and CHA M.H., 1959, Investigation of flat plate hypersonic turbulent boundary layers
with heat transfer at a Mach numher of 5.2. NOL NAVORD Rep 6631.

Also Winkler (1961)

I The test boundary layer was formed on a smooth stainless steel flat plate 0.604 m long mounted with the
test surface on the tunnel centre-line and spanning the tunnel. The leading edge (X - 0) was chamfered on
the underside, and except for the first 40 mm (E) the whole length of the test surface could be actively

B cooled. Measurements were made at stations for which X - 0.216, 0.2925, 0.3685 and 0.445 in. The static
2 pressure along the plate was constant to within 1.3 % and the plate surface was practically isothermal
4 for leading edge distances > 0,14 m. For X c 0.14 m the surface temperature deviated from the isothermal

value by amounts dependant on the test conditions; for the lowest TW/TR reported here the deviation was
3 about 10 %, The test free stream conditions were selected to cause transition near X - 170 mm.

6 Static pressure tappings (d - 0.63 mm) were drilled at X - 70 mm and at subsequent intervals of 76.2 mm,
alternately 9 mm to either side of the plate centre line. Thermocouple plugs, of the same material as the
plate, were placed 4.75 mm to either side of tihe centre-line (E) at the same stations. Each plug contained
five thermocouple junctions at known distances from the plate surface,

7 Boundary layer surveys were made with FPP and STP. The probes used had "nearly rectangular entrance openings
of half heights between 0,1 and 0,13 mm" (h1  0.2 - 0,26 mm). The STP was of the type described by

Winkler (1954).

9 The authors have interpolated the TO readings to the Y-values of the Pitot readings, The TO profile was
extrapolated to match the wall temperature gradient calculated from the wall heat transfer rate. This was
deduced from the temperature gradient in the wall, and the authors present CF values deduced from the
slope of the velocity profile near the wall, and from Reynolds analogy (Colburn's formula), Static pressure

12 was assumed constant across the boundary layer. The editors have presented all the reported profiles,
incorporating the authors assumptions and procedures. The D-state is the authors', at the outermost point.

13 The CF value is that deduced from the velocity gradient. The profiles form three groups marked by differing
heat transfer conditions. Within each group theve are some repeats, and some slight variation of unit

14 Reynolds number, There are four successive profiles in each group. Heat transfer values are given for
nearly all the profiles, and the authors' CF value referred to above,

§ DATA: 59020101-0306. Pitot and TO profiles obtained separately. NX - 4. Wall heat flux from temperature
gradient in wall,

15 Editors' comments

The Reynolds number range of the test Is low, and the test layer displays marked translitional characteristics.
The experimental range overlaps, In some degree, the tests made by Danberg - CAT 6702 and Samuels et al. -
CAT 5701.
The profiles include data taken very close to the plate surface, but it seems probable that the temperature

values used In the wall region were Interpolated, The CF values quoted should be treated with considerable
reserve since they are obtained from the velocity gradient which must Inevitably be somewhat ill-defined.

The entry has been prepared from a rather limited published account,

____________________________________



CAT 5902 WI1tKLFR BOUNDARY CONDITION3 AND EVALUATED DATA. 31 UJITS.

RUN MD * Tw/TR RED2W P * H12 H12K Pw PD
X * POD* PW/PD* RED20 CO * H32 H32K TWA TD*
RZ TOD Sw A 02 P12* H42 02K UO TR

59020101 5.100 0.773 4.0164*+02 1.4650"-03 10.1251 1.6742 1.06904"+03 1.0690•+03
2.16001-01 7.2042"+05 1.0000 2.1242"o03 9.3700"-04 1.8434 1.759m 3.060V"+02 5.9480"÷01
INFINITE 3.8237"+02 0.0000 1.7955"-04 0.o0000÷00 0.5230 3.7325"-04 6.0561"+02 3.4880"+02

59020102 5.1400 0.95q8 5.77864*02 1.3890*-03 8.1905 1.5583 1.1533"+03 1.1533"+03
2.1600"-01 7.1738*t05 1.0000 2,7364'+03 NM 1.8579 1.7847 3.0200'+02 5.4870*+'l
INFINITF 3.4400"+02 0.0000 1.9249"-04 0,00001+00 0.7277 1.6380"-04 1.6130"+02 3.1465W+02

59020103 5.,2000 0,9193 6.3024"02 1,4320"-03 11.2967 1.6730 l096$"#03 1.Oqbg',03
2.9250.-0i 7.30SS*O5 1.0000 2.9030+03 8.58000-04 1.241 1.7180 3,0659"N02 5,7050.+0t
INFINITE 3.65581+02 0.0000 2.2510"-04 0.0000'400 0.3632 5.0578"-04 7.87489+02 3.3349"M02

59020104 5.2600 0.9169 7.59070+02 1.3460"-03 10.0987 1.4336 1.0390"403 1.0390"÷03
3.b850•-0l 7.4069"+0S 1.0000 3.5535*+03 0.47000-04 1.8602 1.7954 3.0702"402 5.6200"010
INFINITE 3.67186+n2 0.0000 2.fg10*-04 0.0000"*00 0.4797 5.7632"-04 7.90610+02 3.34840+02

5402010S 5.2900 0.9211 B5.2460+•O 1.3080"'03 12.3679 1.4167 .7430"+02 9.730*+02
4.45001-01 7.1839'05 1.0000 3093664+03 8.0400"-04 1.5292 1.7842 1.06021+02 5.SOOO"÷01
INFINITE 3.62831+02 0.0000 3.19630-04 0.0000"+00 0.1830 7.3294"-04 7.8654"+02 3.3481"402

59020201 4.9800 0.6286 4.4438"+02 i.3350*-03 11.2871 1.5629 1.0625"+03 1.0625'+03
2.1600-O 5.4918*05 1.0000 1.7388*'03 8.5300"-04 10.396 1.7707 2.9001"+02 6.42904+0
INFINITE 3.9317"+02 0.0000 1.739*-04 0.0000"+00 0.2143 3.5292"-04 8.00590"02 3.5001"+02

5902020? 5.1800 0.0137 4.3063"+02 1.6060"-03 9.8808 1.4904 l.0909+03 1.0909"N03
2.1600"-01 7.10290+05 1.0000 1.75700+03 NM 1.8738 1.30s4 2.9632"+02 6.2700"+01
INFINITE 3.9910*÷02 0.0000 1.5852"-04 0.00000+00 0.4746 3.0278"-04 6.2238"+02 3.6b168l02

95020203 S.2000 0.8223 6.3665"+02 1.2460".03 11.3023 1.5198 1.0724"+03 1.07240+03
2.92501-01 7,1434"+05 140000 2.67S2"+03 7.3500"-04 1.8510 1.7017 2.8073"402 5.8400%÷01
INFINITE 3.7423"+02 0,0000 2.1976*-04 o.ooo000 00 0.3124 4.7624'-04 7.9675"+02 3.4038"+02

59020204 S.2400 0.8477 7.62390+02 1.1510"-03 11.3939 1.5149 1.01629+03 1.0162".03
3.68501-01 7.0826"405 1.0000 3.3134'+03 ?.3800"-04 1.8350 1.7699 2.9301.+02 5.8380"eto!
INFINITE 3.7897"*02 0.0000 2.8490*-04 0.00000.00 0.319b 6.3794"-048 .0274"+02 3.4563"+02

S902020S .2400 0.8397 0.32160+02 14M 11.975 1.3612 9.22402+0 9.S224"402
4.4s"00-O 6.6368*405 1.0000 3.5793+03 6.100".0- 1.8440 1.8001 2.9389-402 5.9120'i1J
INFINITE 3.8378m102 0.0000 3.3473"-04 0.0000"+00 0.2696 7,6757"-04 8.0781"+02 3.SOOI*00 P

S59020301 S.1700 0.6717 2.81851+02 1.4700"-03 11.7680 2.0454 1.0656"+03 1.0656"*03
2.1600*-01 6.8597"#05 1.0000 9A.866i02 9.6800-04 10.670 1.6257 2.79040*0? 7.1750".o1
INFINITE 4.5531*+02 0.0000 1.0060-04 0.0000*+00 0.4604 2.7850'-04 8.7803"+02 4.154?2"02

59020302 5.1600 0.618 4.8604"+02 1.3230"-03 10.6369 1.5080 1.0653N+03 1.0683"+03
2.92501-01 b.7989"+05 1.0000 1.5732"÷03 8.3300"-04 1.a88 1.7776 1.7902*+02 7.S330*+01
INFINITE 4.7o4lTi02 0.0000 1.4918-04 0.0000"+00 0.3731 4.0161"-04 8.9793"+02 4.34?7S"02

59020301 b.1000 0.6324 5.2358"+02 1,3350"-03 10.4141 1.4972 1.166"+03 1.16661+03
2,9250.-01 6.930b"+05 1.0000 1.65|l'03 NM 1.8568 1.7919 2.6997"+02 7.5110*x01INFINITE 4.67690+02 0.0000 1.8665"-04 0.0000"+00 0.3635 3.7518"-04 8.6796*02 4.2690"+02

59020300 S.2000 0.6448 7.1533*+02 1.20304-03 10.8378 1.5619 1.1424"03 1.1424N+03
1; 3.6850'-0l 7.6095'+05 1.0000 2.3661"#03 NM 1.8440 1.7805 2.1499"+02 7.29W60'01

INFINITE 4.67S3*t02 0.0000 2.5492"-04 0.0000,400 0.3708 5.2899"-0u 8.9054"+02 4.2649"102

59020305 S.1100 0.6152 T7.660"+02 1.2360"-03 9.9868 1.4692 1.21394403 1.2139q"03
3.66504-01 7.295S4105 1,0000 2.4160"+03 7.9900"-04 1.8532 1.7973 2.8000"+02 7.9750"+0I
INFINITE 4.9624"+02 0.0000 2.9467"-04 0.0000*UO 0.4211 5.6749"-04 9.1095'S0? 4.5292"+Q?

59020306 5.1200 0.6601 7.0596O+02 1.0540*-03 16.7644 1.8501 L.16670+03 1,1667"-03
4.450OO-0 7.0927,05 1.0000 2.3195,'03 6.7200.-04 1.7413 1.6361 2.80986"02 7.4710.O0t
INFINITE 4.6641*402 0.0000 2.,748"-04 0.0000'+00 -0.2228 6.6902"-Oll 8.6730"402 4.2567T.02



5902-C-1

590o0103 ovINKLER PROFILE TABULATION 26 POINT$, DELTA AT POINT 26

1 y PTŽ/P P/Pl) TO/TOD 4/:ID U/U0 T/TO RHO/PlIOD*U/UD

I G.0000"+00 1.0O00"40O Nm 0.83864 0.00000 0.00000 5.31400 0.00000
2 1.9200*-04 2.0837*+00 NM 0.91864 0.20783 0.45400 Q.77200 0.09514
3 2.1800"-04 2.763"+O0 ;Jm 0.12176 0.M117 0.47800 It.b7200 0.10233
4 2.43300-04 2.498iz÷00 NM 0.92575 0.23667 0.50500 4.55300 0.12092
5 2.b940"-04 1.016b3+00 14M 0.93208 0.26743 0.55500 4.30700 0.12886
4 2.9400"-011 3.07qq÷*t0 NY 0.93148 0.27091 0.56000 4.27300 0.t310b
7 3.1900"-4 3.641S1"+00 NM 0.93670 0.30015 0.60300 4.0Oo80 0.14941
8 3.4500"-04 3.84b66400 NM 0.93775 0.30967 0.61600 3.95700 0.15567
9 3.9ft00-04 4.5836"+00 NM 0.941?4 0.34254 0.65800 3.69boO 0.17832

10 4.4600"-04 5.1962*"00 fm 0.94357 0.36753 0.60700 3.4qllflO 0.19662
11 4.97001-04 5.7953"t00 No 0.94427 0.39039 0.71100 3.31700 0.21435
12 5.7301"-04 6.65291+00 NM 0.94451 0.42090 0.74000 3.09100 0.235040
13 7.0100"-04 7.9037"#90 NM 0.94650 0.46175 0.77500 2.81700 0.27512
14 8.2700"-04 9.05101+00 NM 0.94571 0.49•23 0.80000 215,900 0.30781
15 9.5400"-04 1.0078"÷0| NW 0.94561 0.52517 0.81900 2.43200 0.33676
16 1.0810"-03 1.1022'÷02 NM 0.94563 0.55016 0.83400 2.296800 0.36292
17 1.2000"-03 1,1751"+0l tJ 0.94434 0.56915 0.00400 2.19900 0.3R381
t8 1.4620"-03 1.?923"401 Nm 0.94o00 0.59803 0.86000 2.06800 0.415A6
19 1.7160"-03 t.3667"+01 3Jf' 0.95042 O.2Si64 0.87000 1.99700 0.43565
20 1.2240'-03 1.5632"+D1 (iW Oo95661 0.65993 0.09200 1.82700 0.48823
21 2.73,20"-03 1,8285"+nl N"t• 0.96188 0.71537 0.91500 1.63600 0.5592q
22 3.2400"-03 2.0979"+01 NM 0.97143 0.76757 0.93600 1.48700 0.6294b
23 S.7480"-03 ?.3969"t01 fit. 0.98053 0.82163 0.95500 1.3S200 0.70688
24 5.0150"-03 3.AT40"t0I NI' 0.99495 0.93252 0.9!600 1.1p,00 0.88193
25 6.2800"-03 314350"*I JIM 0.99322 0.98669 0.99700 2.0?100 0.97649

D 26 6.8280"-03 3.9210"+01 NM 1.00000 2.oOOo 1.00000 1.00000 1.00000

INPUT VAqIALýLS YtU/tJDT/TD ASSUME PsPD

59020105 WiNKLER PNOFILE TABULATION 23 POINTS# DELTA AT POINT 23

1 PT2/P P/PO TO/TOD H/MD U/UD Y/TO RHO/RHOID)UUD

1 0.0000+00 1.0000÷*00 NM 0.43444 0.00000 0.00000 5.56460 0.00000
2 1.9100*-04 1.6563"400 NM 0.58862 0.16646 0.37500 5.07500 0.07389
3 9.2600"'04 i.8710"#00 NM 0.89117 0.18719 0.41500 4.91500 0.08444
4 2.6700"-04 2.2675"+00 NM 0.89533 0.21749 0.47000 4.67000 0.10064
5 3.1700*-04 2.s868i00 NM 0.89806 0.23814 0.50500 4.49700 0.11230
6 3.9400=-04 3.1187"+00 NM 0.90310 0.26837 0.55300 4.24600 0.13024
7 4.4400"-04 3.4163'400 NN 0.90633 0.28371 0.57600 4.12200 0.13974
8 5.21001-04 4.2295'tOO NM 0.91261 0.32161 0.b2800 3.81300 0.16470
9 1.7300=-04 5.7392N+00 NM 0.92026 0.38170 0.69800 3.34400 0.20873

10 1.2030'-03 8.0860"too NM 0.93120 0.45945 0.77100 2.81600 0.27379
21 1.7910*-03 9.72I90+00 NM 0.93726 0.506S6 0.50700 2.53800 0.31797
12 2.4260"-0$ 1.1246't01 NM 0.94535 0.55184 0.53800 2.30600 0.36340
23 3.0610"-03 1.3412*+Ol NM 0.95502 0.59929 0.86700 2.09300 0.41424
14 3.59400=03 t.5608t0+0 NM 0.96428 0.64819 0.89309 1.81800 0.47050
15 4.3310"-03 1,82090+01 NM 0.97868 0.70170 0.92000 1.71900 0.53519
26 4.96600-03 2.0536'1'0| NM 0.98803 0.74632 0.93900 1.58300 0.59318
17 5.6010o-03 P.1399'÷0+ NM 1.00140 0.79779 0.96000 1.44800 0.66298
18 6.2160"-03 2.6205.+02 NM 1.00bi 0.80520 0.97400 1.32800 0.73343
19 6.8710'-03 2.92,0"+01 NM 1.00520 0.89381 0.98400 1.21200 0.81180
20 1.5060"-03 3.1478"40I NM 1.00002 0.93372 0.99300 1.13200 0.87798
21 8.1410"-03 3.38530*01 NM 1.00998 0.96263 0.99900 1.07700 0.92758
22 9.4110"-03 3.813"+01l NM 1.00288 0.99063 1.00000 1.01900 0.98135

D 23 1.06810-02 3.649"5÷01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VAOIAOLLS YU/UD,*/TD A3SUME PUPO

I•: T - ..1 .. 1 ..' • I I I ' I I,, ; •, . •, "



5902-C-2

59020302 AINKLER PROFILE TABULATION 23 POINTS, DELTA AT POINT 23

I y P72/P P/PD TO/TOD 4/f4D U/UD T/TD RHO/RHOO*U/UD

1 0.0000"900 1.0000"#00 Nim 0.5856O 0.00000 0.00000 3.70400 0.00000
2 1.5200*-0O 1.7387n,00 NfA 0.88047 0.17931 0.4Q100 4.75500 0.08223
3 2.2900"-O0 1.78011+00 NM 0.88232 0.18340 0.39900 4.73300 0.08430
4 2.5400"-O l.q2408",00 NM 0.88699 0.19.56 0.424400 .65300 0.09112
5 4.7930"-04 2.1129"*00 NM 0.89290 0.21167 0.95200 4.56000 0.09912
6 3.3000"-04 2.58031+00 NM 0.90405 0.24374 0.50800 4.34400 0.116qq
7 3.8100"-04 3.1587"'*O NM 0.90228 0.27731 0.55800 4.04900 0.1378I
8 4.3200"-04 4.1U24+"00 NM 0.91437 0.32396 0.07400 3.71000 0.16819
9 4.8300"-04 5.0069+00 NM 0.92263 0.36279 0.67200 3.43100 0.19585
10 5.3300"-04 S.9060*+o0 Nim 0.9287T 0.39752 0.71000 3.19000 0.22257
11 5.84000"-04 6.89711+00 NM 0.93384 0.43251 0.74400 2.95900 0.2514M
12 7.1100*-0, 9.1929"+00 NM 0.941i1 0.50421 0ý30200 2.53000 0.31700
13 8.38004-04 1.0000.÷0 N 0.9(414q 0.55410 0.83300 2.2bOOO 0.36858
1 1.3960'-03 1.9346%+Ol 1M 0.9S230 0.63619 0.87900 1.90900 0.96045
13 1.6000"-03 1.6019t"Ol Nit 0.95573 0.673O 1 0.89600 1.77000 0.50621
to ,0I.40"-03 1.6824 '01 NP 0.95884 0.69070 0.90400 1.71300 0.52773
17 2.3620"-03 1.9507T*Ol NM 0.96602 0.74522 0.92600 1.54400 0.59974
18 2.8700'-03 2.2554*+ot NM 0.97303 0.50268 0.9b600 1.38900 0.aA107
19 3.3780"-03 2.5551*"00 NM 0.98316 0.8554l 0.90400 1.27000 0.75906
20 3.88W00 -03 2.8491+•0OI NM 0.99024 0.90416 0.97800 1.17000 0.83590
21 4.6480'-03 3.16961+01 NM 0.99725 0.95447 O.9q100 1.07800 0.91929
22 5.9130'-03 3.427z'+Ol NM 1.000?1 0.99306 0.94900 1.01200 0.98715

0 23 7.180•0-03 3.(47(4o'0 NM 1.00000 1.00000 1.00000 1.00000 1.00000

I1NPUT VA41ABLES Y#U/UDtT/TD ASSUME PEPD

59020306 NINKLER PROFILE TABULATION 31 POINTS* DELTA AT POINT 3t

I y PT2/P P/PO TO/TOD M/140 U/UD W/TO RHO/RHOO*U/UD

1 0.00000#00 1.0000"m00 tim 0.60245 0.00000 0.00000 3.76100 0.00000
2 5.9700"-04 4.13680+00 NM 0.92988 0.32807 0.63200 3.71100 O.IT030
3 6.22009-04 4.3588"+00 NM 0.93245 0.33807 0.64500 3.64000 0.17720
4 6.,8000-04 4.3964'+00 NM 0.93222 0.33982 0.64700 3.62500 0.1784•
5 W.73001-0(4 4.532"400 NM 0.93388 0.34787 0.61700 3.56700 0.18419
6 4.0000"-0(4 5.8411*00 NM 0.94048 0.39821 0.71300 3.20600 0.22240
7 9.2700*-04 6.8832"+00 NM 0.94512 0.4352 0.74900 2.95900 0.25313
a I.0340"-03 7.78611+00 NM 0.94924 0.46507 0.77500 2.77700 0.27908
9 1.1al8'-03 9.9165"+00 NM 0.59050 0.52886 0.79400 2.25400 0.3S22b

10 1.3080*-03 9.24254+00 NM 0.95099 0.50960 0.80800 2.51400 0.32140
11 1.4350"-03 9.7095"+00 IJM 0.95141 0.52303 0.81700 2.44000 0.33484
12 0.5620*-03 1.02094÷01 NM 0.95198 O.S3700 0.82600 2.36600 0.30911
13 1.6890"-03 1.06QT7*Ol NM 0.95384 0.54897 0.53400 2.30800 0.36135
14 1.5160'-03 1.0936"÷01 NM 0.95494 0.55674 0.83900 2.27100 0.36944
15 2,0700'-03 1.1360*+O NM 0.95652 0.56793 0.84600 2.21900 0.36125
16 2.3240"-03 1.1632-+01 NM 0.95737 0.58012 0.85300 2.16200 0.394S4
i, 2.5780"-03 t.2605*÷O4 NM 0.95737 0.59954 0.46300 2.07200 0.41651
18 2.8320"-03 1.3323+01 NM 0.95847 0.61706 0.87200 !.99700 0.43665
19 3.0B60"-03 1.42 30+01 NM 0.9589M 0.63853 0.89200 1,90800 0.96226
20 3.34001-03 1.5050S+01 NM 0.96049 0.65793 0.89100 1.83400 0.98582
a1 3.5900•o03 1.5795"+tO NM 0.9b072 0.67304 0.89800 1.77600 0.50563
22 3.6460"-03 1,6607"÷0! NM 0.96222 0.69146 0.90500 1.71300 0.52831
a3 4.1020"-03 1.771(4*•O NM 0.963$4 0.71480 0.91400 1.63500 0.5S902
24 4.3560"-03 1.8352"+Ot NM 0.96461 0.72790 0.91900 1.59400 0.576•4
25 4.99%0m-03 2.0836"e01 NM 0.97245 0.77683 0.93800 1.45800 0.64335
26 S.6260"-03 2.3354"M01 NM 0.98315 0.62402 0.95600 1.34600 0.71025
27 6.2610"°03 2.S8b0"*01 NM 0.98646 0.06739 0.96900 L.2(800 0.77644
28 6.8960"-03 2.8281401O NM 0.99121 0.90780 0.97900 1.L6300 0.84179
29 8.1660"-03 3.23801*01 NM 0.99915 0.97241 0.99500 L.09700 0.95033
30 1.(360*-03 3.1186b"#0 NM 0.99992 0.99404 0.99900 1.00000 n.98911

0 31 1.0706"-02 3.421701to NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES V#U/UDoT/TD ASSUM[ PWPO

.4
V.



6001-A-I

axisymrietr)C
_M 1.85. 2.10, 2.57 6001
R THETA X 10-3 : 2 - 4

• TW/TR : About 1
ZPG - AW4

Continuous running tunnel with Interchangeable fixed nozzles. W a H 0.30 m

0.05 ( PO < 0.1 MN/m,2 TO : 313 K. Air. 3 < RE/m X 10- < 6.

MICHEL R., 1960. R~sultats sur la couche limite turbulente aux grandes vitesses. X)me Congris de lbcanique
Appliqub Stresa 1960. Publication ONERA no 102.
And Michel R,, private communications.

1 The tests were made on the outer surface of a circular cylinder (diameter 39.25 mm) aligned with the axis

of the 300 m- square tunnel test section. The cylinder had an ogival nose which was continued upstream as
3 a long thin rod, on which transition took place. The seven test stations were between X - 150 and 350 mm
2 from the point of the ogival nose (X a 0). The free stream Mach number did not vary more than 1 % in this

region.

6 Static pressure was measured at intervals along the model surface, as was the wall temperature. The static
7 tappings (d w 0.3 m-) were drilled at 10 mm intervals. Pitot profiles were obtained with an FPP (h1 • 0.12

h2 a 0.07, b1 a 6 m-) at X values of 150, 183, 216, 249, 282, 316 and 348 m1.

9 The data were reduced using a linear Crocco temperature relationship with a recovery factor of 0.88, de-

termined from the equilibrium temperature of the model. The static prtssuve was assumed constant through

the boundary layer.

12 The editors' have replaced the author's temperature.velocity correlation by the normal Crocco - Van Driest

relationship, assuming a recovery factor of 0.896 and using the author'sTW value. We thus presume that there
13 Is slight heat transfer. We present all the data in our posession, consisting of three sequences of

profiles each for a different Mach number. The author also reports measurements at H - 2.97 and a further

set at M - 2.57 with moderate heat transfer.

§ DATA: 6001 0101 - 0306. Pitot profiles. NX - 6 or 7.

15 Editors' cooments

The entry describes an early experiment In an xi syumetric configuration for which d/RZ is up to 40 % so
that transverse curvature effects may well be considerable. Upstream history effects should be weak, if not
negligible. Comparisons should be made with other low Reynolds number tests made on flat plates. (Coles -

CAT 5301, Shutte et al. - CAT 5501).

Despite the smell physical scale of the experiment, measuremnts extend within the momentum deficit peak.
The computed total pressure gradient in the outer part of the layer is large enough to suggest that

measurements should have continued to rather greater values of y.

- a I I I l I rI I I I I ! i5



0•001-1]-I

CAT 001 ICNLL BOUNDARY CONDITIONS ANJ EVALUATED DATA. 5! UNITS.

RiMJ MD * T1/TR RE02w CF H12 H12K PW ID
X * POO* PA/Po- PEO*0 Co H32 1132K TW* TD
RZ * TOO* S;i * 02 P12. 442 D2K UD TR

00010101 1.8500 0.9q30 1.4495"÷03 NI 2.7?62 1.3017 8.b#84"#03 8.68841*03
1.5000".01 5.$900'+00 1.0000 2.1269*+03 Nm 1.7932 1.7787 2.9957"+02 1.8700"+02
1.9625"-02 1.1500"•02 0.n000 3.?671"-04 0.0000*#00 0.0836 3.9255"-04 5.0723"+02 3.0169"+02

6oo10l0.ý 1.8500 0.0930 1.6391*÷03 Nm 2.7425 1.3944 8.80012"03 8.8012*÷03
1.8300"-01 5.4600"1#' 1.0000 2.4032*+03 N4M 1.7827 1.7669 3.0?43"+02 L.8878*+02
1.9625"-02 3.1500"+A2 0.0000 3.6913*-04 0.0000*+00 0.0033 4.4640"-04 5.0964"402 3.0456"+02

6001010% 1.8500 0.9930 1.7799"+03 NM 2.7283 1.3865 8.75219*03 8.7529"+03
1.9900w-01 5.4300"+04 1,0000 2.6|1I6'03 4M 1.7829 1.7674 2.9957?"02 1.0700"+02
1.962S*-02 3.1500*f0 0.0000 3.9820"-04 0.0000"00 0.0834 4.3116"-04 5.0723*+02 3.0169*+02

6001010' 1.1500 0.9930 1.9170"+03 NM 2.721 4.3816 .0914*+03 9.0914"+03
2.o00o-0I S.6400"+04 1.0000 2.B105*+03 NIM 1.78425 1.7669 3.0243"+02 1.8761•+02
1.9625"'-02 3.1800"+02 0.0000 4.1793'-04 0.0000"÷00 0.0835 5.0482"-04 5.0964"÷02 3.0456*÷02

60010105 1.0500 0.9030 2.1665"+03 N4 2.6905 1.3684 8.833S"+03 B.8335'+03
2.4900"-01 5.400"+04 1.0000 3.1789"+03 NM 1.7823 1.7666 2.9957"+02 1.8700"+02
1.q6aS"-O? 3.1500"402 0.0000 11.6028*-04 0.0000*+00 0.0837 5,7909- 04 5.0723*÷02 3.0169"+02

60010l06 1.8500 0.9930 2.3434"+03 NM 2.686b 1.3613 8.6335e"03 6.8339"÷03
2.8100'-01 5.48001+04 1.0000 3.4384*'03 NM 1.7825 1.7666 2.9957"+02 1.8700"÷02
1.96ZS4-02 3.1500*+02 0.0000 5.1951"-04 0.0000"+00 0.0838 (A.2547"-04 5.0723"+0? .3.0169'+02

60010201 2.1000 0.090 1.200D9*03 NM 3.0920 1.3600 6.0582*+03 6.05W+.03
1.50004-01 5.S4004'0o 1.0000 2.0561'+03 NM 1.8025 1.762a 2.90194402 1.6630"+02
1.9625Q-02 3.I300"'02 0.0000 3.39921-04 0.00001÷00 0.0980 4.2323'04 5.4299"#02 2.9774*÷02

6001020? a.1000 0.0909 1.45540,03 41 3.0725 1.3683 6.1019"+03 6.1019"#03
1.5300"-01 S.5000+04 1.0000 2.33585t03 NM 1.8000 1.760q 2,9b93'+02 1.6738+02
1.96251-02 1.1500.02 0.0000 3.R6770-04 0.0000*÷00 0.0979 4.8211"-04 5.4472"+02 2.9965"+02

60010?03 RAM000 0.9013 1.63711÷03 1M 3.0651 1.3637 6.1347"003 6.1347'"03
2.1700-O01 5.6100*+04 0.0000 2.6264"+03 NiM 1.7950 1.7760 2.9798N#02 1.791"÷02
1.9625"-02 3.1600*.02 0.0000 4.34451-04 0.00001+00 0.0915 5.4347*.04 5.4559"+02 3.00W0+*02

60010204 a.1000 0.9909 1.86770#03 NP 3,0502 1.3565 6.2769"#03 6.2769"403
2.01004-01 5.7400"*04 1.0000 2.9964"+03 NjM 1.7928 1.7739 2.9693"-02 1.67386402
1.9625N-02 3.1500*#02 0,0000 4.8232•.04 0.0000"+00 0,0979 0.0357"'00 5,44172+02 2.9965"402

600102us 2.1000 0.9913 1.99346÷03 NM 3.0477 1.3558 6.2169"#03 6.2769"003
2.82001-01 5.7400*+00 0.0000 3.1960"t03 NM 1.7845 1.7700 2.q7ga"O02 1.6791'.02
1.9625"-02 $.1b00'*02 0.0000 5.1703"-04 0.0000100 0.0975 6.4839*.04 5.4559"902 3.0060"402

60010206 2.1000 0.9909 2.11426+03 NM 3.0412 1.3S69 6.1894P*03 6.16904"03
3.1S00"-01 S.6600"#04 .0000 3.3916*903 NM 1.7863 1,7668 2.9693640? 1.6738f÷02
1.9625"-02 3.1500Q"02 0.0000 S.$370?-04 0.0000"÷Oo 0.0979 6.9545'-04 5.4472*+02 2.996%'%02

60010207 a.1000 0.9909 2.2844'+03 NM 3.0415 1.3S72 6.26594403 6.2b5q'+.o
3.4600'-01 S.7300"#04 0,0000 3.6650*403 NM 1.7640 1.7641 4.9693"+02 1.6736"+02
1.962%"-02 3,1500"402 0.0000 9.9098*-0S 0.00001#00 0.0979 1.42731-04 1.4172*÷02 2.996V'+02

60010301 2.5700 0.9903 1.1190"+03 NM 4.0322 1.4445 '1.6042*t03 4.6042•+03
1.S000'-01 8,7700'#04 1.0000 2.|448*03 NM 1.6052 1.7753 2.9533"#02 1.3656**02
1.9625"-02 3.17004442 0,0000 ?.8960"-04 0.0000'.00 0.174 3.941W'-04 6.0219"+0? 2.9624"402

60010302 2.3700 0.9904 1.3070"+03 NM 3.9941 1.4316 4.6409"*03 4.6409"+03
1.3300"-Ql 8.4O0"+04 1.0000 2.5075.03 NM 1.6032 1.7742 2.9351'+02 L.3572"%02
1.96251-02 3.15004*02 0.0000 3.32900-04 0.0000*#00 0.1173 4.5377*-04 6.0029*÷02 2.4635"÷02

60010303 2.5700 0.9904 1.5187'+03 NM 3.9778 1.4252 4.6777"+03 4.67771+03
2.1600'-0l a.9100"+04 1.0000 2.9139•'+03 N4 1.7986 1.7699 2.9351"+02 1.35721+02
1.9$251-02 3.1500*i02 0.0000 3.6361.-04 0.0000'"00 0.1173 5.2516'-04 6.0029'÷02 2.963S'+02

60010304 2.5700 0.9901 1.7379'.03 NM 3.9509 1.4131 4.7406V+03 4.7406"03
2.4900-01 9.0300"+04 1.0000 3.33136+03 NM 1.7964 1.7684 2.9436A+02 1.3619"+02
1.9625"-02 3.1600"+02 0.0000 4.34q1'-04 0.0000'+00 0.1177 5.9S71-04 6.0124'+02 2.9730"÷00

60010305 2.5700 0.9901 2.0714'+03 NM 3.9029 1.3970 W.aW9"÷03 4.7249"+03
3.1%00'-01 9.00004#04 1.0000 3.97160,+3 NM 1.7979 1.7690 2.94360+02 1.36131"02
I.9625'-02 I.L600÷+02 0.0000 5.2023*-04 0.0000"+00 0.1182 7.0754"-04 6.0124"'02 2.9730*÷02

bO01030b 2.5700 0.9901 2.1342*+03 "M 3.9108 1.4006 4.745q'+03 4.71459N03
3.45001-01 9.0400"+04 1.0000 4.13035"03 NM 1.79126 ,7045 2.9436"+02 1.3615*402
1.9625-02 3.1600"*02 0.0000 5.35612-04 0.0000+'00 0.1179 7.3740"-04 6.0124'02 2,97304+02



6(002-(-I

60010101 MICHEL PROFILE TABULATION 18 POINTS, DELTA AT POINT I8

I P7Y2P P/PV TO/TOO M/140 U/UD T/TO RHO/RHOO*U/UD

I 0.0000."00 1.0000*+00 NM 0.95100 0.00000 0.00000 1.601q7 0.00000
2 9.9900'-0S 1.5177s+O0 NM 0.96S77 0.43007 0.51680 1.44402 0.35759
3 1.9980"-04 |.7748*"00 NM 0.97031 0.51010 0.60083 1.38738 0.43307
4 4.0005*-04 2.11394+O0 NM 0.97602 0.60515 0.69383 1.31459 0.52780
5 5.9850'-04 a.4701-+00 NM 0.97942 0.66015 0.74417 1.27076 0.5b561
6 6.0100'-04 a.7281"+00 NM 0.98Z22 0.70514 0.78344 1.23441 0.63467
7 9.9900*-04 2.9747'*00 NM 0.95471 0.74514 0.81692 1.20194 0.67966
8 1.2510'-03 3.2032"+Oo NM 0.98688 0.78013 0.84511 1.17352 0.72015
9 1.4986"-03 3.44350+00 NM 0.95903 0.81512 0.87229 1.14520 0.76W69

10 1.750S%0 3.6S$6"+00 NM 0.9)047 0.84510 0.89480 1.12106 0.79827
It 1.9980"-03 3.8443*t00 NM 0.99238 0.87009 0.91301 1.10108 0.82919
12 2.2500*-03 4.0?48*00 NM 0.99418 0.90008 0.93421 1.07729 0.86718
13 2.SO20I-03 4.2330*400 NM 0.99537 0.92006 0.94797 1.06158 0.89296
14 2.7495*-03 4.39490+00 NM 0.99654 0.94005 0.96142 I.040q8 0.91916
1I 3.0015*-03 4.5187*t00 NM 0.99742 0.95504 0.97131 1.03436 0.93904
lb 3.5010."03 4.6959'400 NM 0.99863 0.97602 0.984688 1.0824 0.96714
17 4.0005"-03 .,81156e00 NM 0.99943 0.99001 0.99315 1.00757 0.98628

0 18 4.S000.-03 4.90230÷00 NM 1.00000 1.00000 1.00000 1.00080 1.00000

INPUT VARIABLES Y/L*U/UDeT/TD ASSUME PEP0 AND VAN DRIEST

60010106 '4CIifL PROFILE TAfJULATION 22 POIPNTSo DELTA AT PUINT 22

I T?/? P/Po To/Iro I./:00 U/UO T/10 PHO/IHOD*U/IJD

1 0.0000"#00 1. OO0"tOO NM 0.95100 0.00000 0.0010 1.60197 0.00000
a %,9A340-05 l.379"+00 Nm 0.96287 0.1750S 0.45619 2.97951 0.30834
3 1.99060-04 I,$753'S "0 fNM 0.96687 0.4SO0 0.53828 1.41037 0.37632
4 3.9999"-04 I.W521000 tNM 0.97250 0.54711 0.60791 1.35961 0.46921
S S.9qus"-Om 2.2Sci'3'00 NM 0.97572 0.60025 0.68913 1.31452 0.5226S
b 7.9730"-09 2.3622"÷n0 NM 0.97818 O.b6Ol5 0.72616 1.20680 0.56432
7 9.9830"-34 2.13680+00 NM U.96017 0.67215 0.7541I 2.6ltO 0.59813
B 1.,529"-03 2.7103"+00 NM 0.98203 0.?0214 0.71086 1.23685 0,63135
9 1.5004"-M 2.8404"+00 rNM 0.98375 0.73014 0.80952 1.21413 0.662b3

to 1.7?•7'-03 3.OsR2*+O0 JiM 0.96552 0.75813 0.82751 1.19138 0.69456
11 2.0033W-03 3.2166"#00 Nw 0.96700 0.?8213 0.846b9 1.17190 0.72249
22 2.2512"'-0 3.3667'D00 NI 0.98836 0.60412 0.86385 1.1540c 0.71852
13 .4991*-03 3.40W0+÷00 NM 0.98953 0.82311 0.87636 1.13875 0.77134
14 2.7470'-03 3.6294"+00 Nm 0.99062 0.84111 0.59184 1.1207 0.79326
15 3.0016"-03 3.7917"+00 NM 0.99196 0.6310 0.90796 1.10666 0.82045
16 3.'49741-33 4.05q1t"00 NM 0.9906 0.9808 0.93212 1.07887 0.56463
17 3.9999"-03 4.3115"+00 NM 0.99596 0.93006 0.95473 1.05376 0.90602
1a 4.5024"-03 4.51W+00 NM 0.90736 0,9q404 0.97065 1.03514 0.93771
19 4.9962"-03 4.6445"N00 NM 0.99028 0.97003 0.95103 1.02283 0.9591q4
20 9.3007"-03 4.74670+00 NM 0.99897 0.98202 0.98870 1.01366 0.97538
21 6,00324-03 4.15s5m00 N4 0.99943 0.99001 0.99375 1.007$7 0.98628

D 22 b.7000*-03 4.90•23"00 Nm 1.00000 1.00000 1.00000 1.00010 1.00000

INPUT VARIA3LES Y/LU/IIJD"/TD ASSUME PwPO AND VAN ORIL3T

60010201 MICIILL PROFILE TARJLATIOP4 20 POINTS, DELTA AT POINT 20

1 PT2/P P/Pn TO/TOO 4/MD U/UD T/TO RHO/RHOD*U/UO

1 0.0000"+00 I.00O0"to0 NM 0.94a47 0,00000 0.00000 1.77373 0.00000
2 9.9900"-05 1.9322•+00 NM 0.91609 0,35007 0.44609 1.62315 0.27471
3 |.9900x-04 1.95940t00 NM 0.96530 0.49015 0.60012 1.49905 0.40033
4 4.0014"-04 2.S2430+00 14M 0.97237 0.s9017 0.698268 1.39995 0.4q879
5 5.9q40"-04 2.4871"+00 NM 0.97624 0.63417 0.74708 1.34502 0.55544
C 7.99200-04 3.t949"÷00 NM 0.97924 0.68627 0:76300 1.30217 0.60131

9.99000-04 3.40•u÷00 NM 0.96285 0.72316 0.81523 1.26456 0.643088 1.2474"-03 ).7901"+00 NM 0.95444 0.760t5 0.8421t 1.227a4 O.6861e
9 1.5012"-03 4.1034"*00 NM 0.98691 0.79614 0.86698 1,1913S 0.72941
10 1.7496".03 4.3762*#00 NM 0.96895 0.52613 0.68047 1.1bI63 0.76644
I1 1.99d0*-03 4.6500"#00 NM 0.99088 0.85511 0.91048 1,13368 0.603Q2
12 2.9981"-03 4,A44S'tOO Nd 0,99219 0.7510 0.92395 1.11452 0,82693
13 1s,002"-03 5,03360+00 NM 0.993SS 0.89609 0.93753 1.09462 0.85640
14 2,706".03 .2475"*00 NM 0.99477 0.92508 0.94958 1.07684 0.86812
15 3.0024"-03 S.4139"'00 NM 0.99578 0.93106 0.95951 1.06203 0.90346
lb 3.4992"-03 5,6907"+00 N4 0.99739 0.9709 0.975120 1,03830 0.93912
27 4.004W-01 5.8978t#00 NM 0.99856 0.97602 0.98633 1.02123 0.96562
15 4.9052"-03 6.0196*t00 NM 0.99912 0.98701 0.9026S 1.0114s 0.98141
19 5.0004"-03 6.1091'400 tIM 0.99970 0,99501 0.99719 1.0034 0.99283

0 20 S.40004-03 6.16S46+00 NM 1.00000 2.00000 1.00000 1.000nO 1.00000

INPUT VAR&OLES Y/LrU/UD#T/TD ASSUME PUPO AND VAN DRIEST



0001-('-2

60010206 MICHEL PROFILE TABULATION 23 POINTS, DELTA AT POINT 23

1 y PT2/P P/PD To/TOO M/MD U/UD T/TO RHO/RHOD*U/UD

1 0.0000"+00 l.0000"÷00 NM 0.94262 0.000nO 0.00000 1.77401 0.00000
2 1.0010'-04 1.1390÷+00 NM 0.95400 Q.31405 0.40363 1.65183 0.24435
3 2.0020"-04 1.6408"÷00 NM 0.96029 0.41509 0.51992 1568804 0.33140
4 3.99700-04 2.1953"+00 NM 0.96851 0.53516 0.6b556 1.455lb 0.44364
5 5.9990"-04 2.4864"•oo NM 0.97199 0.58417 0.69270 1.40608 0.49264
6 7.9800*-00 2.7010"+00 NM 0.97435 0.61717 0.72306 1.37260 0.52678
7 1.0010*-03 2.6730400 NM 0.9764 00.6021? 0.74534 1.34711 0.3S328
8 1.2530"-03 3.0899"#00 NM 0.97827 0.67217 0.77124 1.31649 0.58583
9 1.4980"-03 1.3024t00 NM 0,98026 0.70017 0.79461 1.28796 0.61695

10 1.7S00"-03 3.4923"+00 NM 0.98195 0.72416 0.81403 1.26338 Q.64422
11 2.00200-03 3.6724"÷00 NM 0.98349 0.74616 0.83134 1.24135 0.66970
12 2.2470"003 3.641t2v00 NM 0.98488 0.76615 0.80668 1.22126 0.69328
13 2.4990*.03 4.023b*'00 NM 0.98632 0.78715 0.86238 1.20030 0.71847
14 2.7910"-03 4.2113q÷00 NM 0.98775 0.80814 0.87768 1.17952 0,74410
15 3.0030'-03 4.38%5"300 NM 0.98903 0.82713 0.89118 1.16087 0717'0
16 3.000"-03 4.6982.00 NM 0.99122 0.86011 0.91366 1.1 .8 0.80952
17 3.9970"-03 S.00351#00 NM 0.99324 0.89109 0.93431 1.0993S ).84987
18 .Q5010Q-03 5.25890+00 NM 0.99503 0.91907 0.93209 1.0731t. 0.88720
19 4.9980"-03 5.307"*00 NM 0.99653 0,94305 0.96682 1.03104 0.91987
20 .5S020"-03 5,7774'÷00 NM 0.99789 0.96503 0.97992 1.03109 0.95037
21 S.9990*-03 S.9641"+00 NN 0.99892 0.985202 0.98979 1.01509 0.97431
22 6.5030*-03 6,0979"'00 NM 0.99964 0.99401 0.99662 1.00S27 0.99140

D 23 7.0000"-03 6.1654"÷00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y/LiU/UDPT/TD ASSUME PmPD AND VAN DRIEST

60010301 MICIIEL PROFILE TABOLATInN 17 POINTYS OELTA AT POINT 17

I P12/P p/PO TO/TOD (4/I11 UlUD T/TO RHO/PH0O *U/UD

I 0.0000÷00 ,100101+00 Nm 0.93164 0.0n0•0 0.00000 2.16232 0.00000
2 1.0185"-04 1.24234+00 NM 0.94001 0.22003 0.31515 2.05146 0.1362
3 1,9805"-04 2.1272"400 Nki 0.93b19 0.42716 0.57123 1.78026 0.31943
'4 S.9770".04 3.l9050#00 NM 0.96760 0.56020 0.76586 1.58762 0.40060
5 6.91,40"-04 3.3117".00 NM 0.97293 0.62321 0.76135 1.49144 0.510141
6 6.OOaS.-0. .2654**40 NM 0.97631 0.66521 0.79q53 1.43019 0.55620
7 9.9910'-0• .7ve8afoo N4 0.97945 0.70320 0.82060 1,37306 0.59968
8 1,5 13"-03 S.1655"t00 NM 0.98024 0.74120 0.85199 1.32110 0.6441••L
9 1.4986*-Os 5.W74+'T00 NM 0D.8500 0.77518 0.07513 1.27448 a .6A665

to 1.75084-03 6.fI501400 N4 0.98726 0.80617 0.89510 1.23295 0.72603
11 1.993P-03 6.18934+00 pm 0.98921 0.03315 0.9I1p0 1.19770 0.76129
12 2.4977"-03 7.1136"tOo NM 0.99265 0.88312 0.94076 1.13481 0.52901
13 2.99730-03 .79,01l.O0 NM 0.99S53 0.92708 0.96437 1.08207 0.89123
10 3.4948"-03 4.3177"to00 W 0.99160 0.90003 0.98100 1.041t 0.939S0
15 4.0012".03 8.69W3#.00 NM 0.998q9 0.9830. 0.99205 1.0195t 0.97405
1tb '0R,0q9-03 6,88060+00 NiM 0.99965 0.99401 0.997?3 1.00649 0.99060

0 17 4.0500"-03 8.9820"00 Nm .00300 1.00000 1.0000) 1.00000( 1.00000

INPUT VARIAULCS Y/LU/UO.TlTD A88JIJE PwPO Akn VAN DRIEST

60010300 MICHIEL PROFILE TABULATION 22 POINTS, DELTA AT POINT 22

I y PT2/P P/PD TO/TOD .1/t./O W/UD T/TO RHO/RHOO*U/UO

I 0.0000"I0o 1.1000o"00 NM 0.93033 0.00000 0.000j0 2.16206 0.00000
2 9.600'-0 1:1235'.00 NM 0.93687 0.16001 0.23•06 2.10332 0.11031
3 1.9980P-04 15,1J56+00 NM 0.94637 0.30908 0.43170 l.qy078 0.2p124
4 3.19W6-04 201631"i00 Nm 0.96128 0.48719 0.63094 1.69036 0.37381
5 5.9940'-04 3.0264'.00 NM 0.96b03 0.10220 0.48903 1.61096 0.02666
6 7.9920".04 1.1410÷00 NM 0.96894 0,o5b21 0.72043 1.561?6 0.46085
7 9.9900"-04 3.61W6+'00 Nm 0.97131 0.60411 0.711515 1.52093 0.48993
a 1.29060-05 1.9381"tOO NM 0.97390 0.b3521 0.77113 1.47749 0.52311
9 1.5022"-03 4.2097'+00 104 0.97596 0.660?1 O.79qks 1.43750 0.55065

tO 1.7460'-03 4.4579'+90 Nm 0.97775 0.66221 0.8074 1.40S34 0.57547
11 1.9980*-03 4,6910't00 NM 0.97935 0.70220 0.8385 1.37647 0.3985s
12 %.500 0 .lb35S+.0O NM 0.986240 0.74010 0.83198 1.32127 0.64482
Is 2.99r0"-03 S.69,810+0 NM 0.98550 0.78218 0.87973 1.26449 0.69%45
14 3.50020-03 6.207•O"•0 Nm 0.98082 0.82016 0.90367 1.20455 0.74420
IS 3.9960".03 6.,036"÷00 NM 0.99074 0.85504 0.9483 1.16963 0.79070
10 4.499V-05 7.|358"0O0 JiM 0.99265 0.583t2 u.94016 1.1100 0.82901
17 o.9950"*03 7.18731+00 NM 0.99469 0.91409 0.9s737 1.09734 0.872%9
18 5.9862-03 7.?997,÷00 NM 0.9903s 0.94007 0.97103 1.06696 0.91009
19 6.0014"-Ol 8.35020+00 NM 0.99772 0.96204 0.98198 1.04188 0.94131
20 o6.4972"03 .646049+0 NM 0.99881 0.94002 O0.990b 1,02111 0.96901
21 7.00040-03 .88606"+00 Nm 0.99965 0.99401 0.99723 1.00649 0.99080

D 22 7.4000"-03 8.98200+00 NM 1.000n0 1.00000 1.0000 1.00000 1.00000

INPUT VAIIIAOLLS Y/LU/UiJI/TD ASSUME PsPD AND VAN DRIEST
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M: 5 6201
SR THETA X 10" 33 : 3 - 7

TW/TR : 0.55, 0.65, 1.0 ZPG

AW/SHT

Blow-down tunnel with fixed nozzle block. Running time 45-90 sacs. W - 0.15, H 0.18, L 0,.15 mn.
PO : 1.7 MN/m2 . 330 < TO < 660 K. Air. 15 e RE/m X 10- 6 < 45.

MOORE D.R., 1962, Velocity similarity in the compressible turbulent boundary layer with heat transfer.
DRL 480.

I The test boundary layer was formed on a flat plate model mounted with the test surface facing downwards
near the centre line of the tunnel. Two models were used, and "there was essentially no difference between
the constant temperature characteristics of the two plates". The second and principal model, which is
described, was fabricated from pure copper with a stainless steel leading edge (X a 0) chamfered at 150
on the upper side (L - 0.425, W - 0.152 m). The plate was actively cooled by two separate circuits which

3 were manually controlled to maintain a constant wall temperature. Near the leading edge a 12.7 mm strip
of No 80 grit cloth was bonded to the surface to act as a transition trip.

6 The plate temperature was monitored by seven thermocouples mounted at roughly 40 mmn intervals back from
X - about 80 m. The first two were on the centre line and the remainder about 20 me to one side. Static

7 tappings were placed at X - 135, 240, 310 mm about 25 mm to the same side as the 5 thermocouples. Pitot
traverses were made with a double CPP. The two tubes (dI w 0.914 man) were separated by 3.81 mm in the
Y-direction and after (E) about 20 mm they were successively sleeved into larger diameter tubing. The

8 traverse gear was driven from the floor of the tunnel to give a profile normal at X • 254 mn.

9 The author has reduced the data assuming that static pressure is constant at the well value through the
layer and that the temperature and velocity are related by T/T1W • 1 - (I - TO/TW) (U/UD) 2 (the Crocco

10 temperature velocity relation). No probe corrections were applied.

12 The editors have presented the four complete profiles tabulated by the author. We have used the Crocco /
Van Driest temperature-velocity correlation with recovery factor 0.896 in place of that used by the author.
We found it necessary to replace our usual integration procedure with a trapezoidal integration rule. There
are in addition some measurements made with the outer Pitot tube removed which do not, however, extend as
far as the boundary layer edge. The authors' final measured point has been set as the D-state.

§ DATA: 6201 0101-0401. PT2 profiles.

15 Editors' cowments

This entry is presented primarily as a comparison for the rough surface experiment of Young - CAT 6506.
The tunnel is the same, and the model formed the basis for that used by Young. The paper Is mainly concerned
with fitting SHT data to the law of the wall and includes a description of some attempts to use special forms
of Preston tube. An analysis of the results is to be found in Rochelle (1963).

The profile data Is sparse, rough, and In two cases (0101, 0201) displays lar•ea gaps.
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CAT 6201 tOORE BOUNDARY CONDITIONS AND EVALUATED DATA. S1 UNITS.

RUN MD * TM/TO RED2W CF H12 HIaK PM PD
X * POD* PM/PD* RED20 CO H32 H32K TW* ID
RZ iOo* sm * 02 Pie* H42 D2K UD TR

62010101 Q£.9IO 0.9559 3.0234"+00 NM 11.9516 1.8171 7.39871+00 7.398T7+00
2.5400"-01 3.5s56"*03 1.0000 1.3661,+Ol NM 1.8438 1.8319 3.0337*÷02 5.76WLJ+01
INFINITE 3.3672*+02 0.0000 1.68821'-04 0.0000"+00 0.1718 3.7489*-04 7.4890"+02 3.07700+02

62010201 4.7790 0.9917 3.2714"+00 NM 11.1113 1.8298 &.7097*+00 8.7097"+00
2.540010I 3.5472"e03 1.0000 t.4193+01 N10 1.8606 1.8505 3.0322"#02 6.00386*01
INFINITE 3.3428"+02 0.0000 1.6285'-04 O.0000+00 0.1663 3.327t*-04 7.4244"4+02 3.0576'÷0/

b2020301 4.8900 0.6467 3.1336.00 NM 9.3618 1.7503 7.6687"400 7.6687T000
2.54004-01 3.5654,*03 1.0000 9.07360+•0 NM 1.858 1.B233 3.2757"+02 9.SB36N*01
INFINITE 3.54W#T.02 0.0000 2.32021-04 0.000000 0.4817 4.4003"-04 9.5981"+02 S.ObSO"'02

62010401 4.7900 0.5473 3.10900+0O NM 8.4349 1.7583 8.SO141#00 8.50140*00
2.5400m'-0 3.S064"*03 1.0000 7.6431100 NM 1.8409 1.8241 3.2446"+02 1.15904'02
INFINITE 6.48171"02 0.0000 2.37464-04 0.00000+0 0.1712 4.2948"-04 1.03431003 5.92821'02

TRAPEZOIDAL RULE FOR ALL INTEGRATIONS

62010301 MOORE PROFILE TABULATION 21 POINTS* DELTA AT POINT 21

I Y PT2/P P/PD TO/TOO M/M1 U/UD T/ID RHO/RHOD*U/UD

1 0.00000+0 .0000fl+00 NM 0.59110 0.00000 0.00000 3.41798 0.00000
2 4.5S20"-04 5.56386+00 NM 0.04631 0.40491 0.67061 2.74300 0.24448
3 4.82600-04 5.7433"÷00 NM 0.65030 0.41309 0.67970 2.70737 0.25105
4 5.3340"-04 6.16154+00 NM 0.55607 0.42945 0.69729 2.63640 0.26449
S ?.67400-04 8.3982+00 NM 0.59114 0.50716 0.77092 2,31065 0.33364
6 9.14400-04 8.7200p÷00 NM 0.89504 0.51738 0.77948 2.2697B 0.34342
7 1.16840-03 1.02130+01 NM 0.91108 0.56237 0.81433 2.09681 0.38837
8 1.0241-03 1010800+01 NM 0.91905 0.58691 0.83156 2.00744 0.41424
9 1.6764"-03 1.21381+01 NM 0.92780 0.b1554 0.85022 1.90786 0.44564

10 1.9304*'03 1,34100+01 NM 0.93701 0.64826 0.86978 1.80020 0.48316
1I 2.1844'-03 1.4748*+01 NM 0.94548 0.66098 0.88764 1.69904 0.52244
12 2.4364*'03 1.6062%i01 NM 0.95•29 0.71166 0.90298 1.60097 0.56087
13 2.69241-03 1.4862÷0l NM 0.9S978 0.74335 0.917S4 1.S5357 0.60223
14 4.2b720-03 2.67710+01 NM 0.99060 0.92434 0.9604q 1.12622 0871O00
15 4.7144"-03 2.7S92tO1 NM 0.992S5 0.93865 0.98482 1.10079 0.89465
16 4.9784'-03 2.6786'•01 NM 0.99312 0.95910 0.99013 1.06575 0.92904
17 5.23241-03 3.0316"*01 NM 0.99822 0.98466 0.99641 1.02400 0.97305
18 5.4564*-03 3.0876+t01 NM 0.99930 0.99387 0.99858 1.00911 0.98917
19 5.7404,-03 3.1190+01 NM 0.99986 0.99898 0.99976 1.0015O 0.99619
20 5.9944*-0S 3.13?9o601 NM 1.00014 1,00113 1.00028 o.9qa81 1.00217

0 a1 6.5024'-03 3.tal3o90l NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YsM ASSUME PvPO AND VAN DRIEST

62010401 MOORE PROFILE TABULATION 17 POINTS# DELIA AT POINT 17

I Y P12/P P/Po TO/TOD f4/MD U/UD T/TO RHO/RHODO*U/UO

1 0.00000+00 1.00000#00 NM 0.50056 0.00000 0.00000 2.79765 0.00000
2 4.5720,-04 6.0O010+00 NM 0.62130 0.43215 0.67043 2.47181 0.27487
3 4.8260"-04 6.360*+00 NM 0.82840 0.44468 O.b9288 2.'2?31 0.20542
4 5.0800'-04 6.6602*s00 NM 0.83531 0.457, 0 0.70175 Z.38279 0.29619
5 .,OqbO"-04 7.17620+00 NM 0.84532 0.47599 0.7Z442 2.31622 0.31276
S6.89680"-04 .2B083'400 NM 0.86309 0.51148 0.75725 2.19206 0.34547

7 I.1280*'04 9.3829*400 NM 0.88034 0.54906 0.78T65 2.06432 0.3821S
8 1.0466"OsO 2.|006*O01 NM 0.90021 0.S9708 0.82489 1.90868 0.41216
9 1.3206"-03 1.l0610+01 NM 0.91121 0.62630 0.64465 1.82878 0.46440

20 11,746B-03 t.24816+0 NM 0.91714 0.64301 0.65526 1.76916 0.46343
It 1.lao06-03 1.31, '401 NM 0,92941 0.66597 0.86910 1.70306 0.51032
12 4.2920-03 2.3734"+01 NM 0.98786 0,92464 0.97929 1.12104 0.87349
13 4.495•"-03 2.7121.,01 NM 0,99l25 0.9o990 0.98656 1.07568 0.91459
N4 4.6U 2"T03 1.7474"M NM 0.99319 0.95616 0.q8833 1,06842 0.92504
15 4.5768"-03 2,042S90|l NM 0.99586 0.97286 0.99292 1,04166 0.95321
16 5.1306"o03 2.q271*+Ol NM 0.998•2 0.96747 0.99679 1.0tO2s 0.9762S

0 11 S.3846'-03 3.00074#OI NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YPM ASSUME PvPD AND VAN DRIEST
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.1.- 4.5 (Free stream) 6401
Three configurations tested

R THETA X 10"3 : 8 - 45
See diagrams below TW/TR : 1.0 and 0.7 FPG/APG/Recovery

AW/MHT

Continuous tunnel W - H - 0.56 m. L - 1.0 m.
0.16 < PO < 0.5 MN/m2 , 300 < TO < 340 K. Air, 14 < RE/m X 10-6 < 30.

CLUTTER D.C, and KAUPS K., 1964. Wind tunnel investigation of turbulent boundary layers on axially-
symmetric bodies at supersonic speeds. Douglas Aircraft Company Rep. No, LB 31425.
And Kaups K,, private communication,

Series 01 -04 05- 07 08- 15

ab c

The tests were performed on the surface of a series of axIsymmetric models mounted on the tunnel centre line.
The boundary layer was formed on a nose piece, which finished as a parallel cylinder of 69.85 me diameter.
The length of the nose-piece used varied with Mach number as below:

Mach number: 1.61 2.50 3.30 4.50

Length of nose piece: 2.108 2.108 1.397 0.864 m

At low Mach numbers (M < 2,50) the nose extended upstream through the throat Into the settling chamber.
The coordinates of the nose fairing are given in table 1 together with those of the three centre bodies
used. Each of these had an initial section 127 mm long, the same diameter as the nose piece, followed by
a circular arc profile (A - 0 at the end of the parallel section) leading to a new parallel section of
diameter 139,7 mm. For the blunt model (a) this started at X - 60.5 mm, while for the more gradual concave
(b) and convex (c) models it star'ted at X - 304.8 me. The radii of curvature of the profiles were 69,85 mm
for model (a) and 1.3475 m for the gradual models (b) and (c). Coordinates for the model surfaces are
given in table 1, The centre bodies were made of electroformed nickel 2.54 mm thick, and the convex model
(c) could be actively cooled with liquid nitrogen, The model surface was highly polished.

4 The boundary layer was fomed, in each case, under essentially constant pressure conditions on the nose
extension. The test zone extended, with one exception, downstream of the nose / centre body junction at
X - 0. For model (a) all the profiles were measured on the parallel section downstream of the increase in
diameter, where the layer was relaxing after traversing a strong shock-induced separation ahead of the
Junction, and reattaching to the shoulder of the centre-body, The region of study was limited by the down-
stream reflection of the centre-body bow shock. All the profiles from model (b) were measured on the

concave section of the centre body in a region of, nominally, steadily increasing pressure. The sharp change
In slope at X u 0 for model C caused a bow shock, which was not however strong enough to make the boundary
layer separate. For one case (M • 1,61) profiles were measured on both sides of the shock, For all other
cases measurements comiemnced at least 0.15 m downstream, and extended beyond the end of the Curved portion
to Include a relaxation region on the parallel section of the body. In this region there is some evidence
of a pressure rise after over-expansion. The nose piece was not cooled so that for the heat-transfer runs
the wall tLeerature also changed abruptly near X - 0. The cooling system provided unifomly axisymmetric
cooling, but could not maintain uniform cooling in the X direction. The will temperature therefore varied
In the X direction.

6 Static tappings (D v 1.23 m) were provided at 25.4 m Intervals in the range - 0.102 < X - 0.559 m and
copper-constantan thermocouples were mounted at 50.8 mm intervals in the same range, An FEB was mounted
at X - 0.356 m In the wall of the blunt model (a) but did not provide usable results. Heat transfer rates
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were determined for the convex model (c) by cutting off the liquid nitrogen cooling and observing the wall
temperature as a function of time, using the thin wall transient technique.

7 Profiles were measured using a traversing rake mechanism carrying six FPP (flattened 1 mm tube - hi - 0.20,
h2 - 0.05, bI - 0.46. b2 - 0.30, 1 - 12.7 fmi) and six ECP (a - 5o, d1  d2 - 1.6. 1 - 12.7 mm) of the
type designed by Danberg (1961). The lengths given are to the first part of the bracing structure, The
rakes continued as a slender bundle of tubes to a distance 114 rm back from their tips, where they were

connected to a miniature traverse gear so constructed as to present a mean width to the flow of about
20 m (E). The whole could be mounted on wedges and strapped to the model so that the probe tips moved

nomal to the local model surface. A pitot-tube, or a further TTP, could be attached to the top of the
traverse gear to monitor the free stream state. A CCP (dimensions not given) could be mounted on the side

of the rake, but could not be used simultaneously as it caused disturbances affecting the TPP and TTP.
A separate rake carrying six CCP was therefore used for static pressure traverses, on separate occasions.

8 The profile normal always intersected the body surface at X-values for which there were both static holes
and thermocouples, The normal for the TPP was on the centre line, with the TTP about 8 mm (E) to one side.
The static probe, when mounted, was about 12 mm (E) off to the other side. The six TPP and TTP were mounted
at vertical intervals of 6.08 mm.

9 Traverses were made so that the range covered by each probe in the rake overlapped that of its neighbour.

Only very small differences were observed between readings from adjacent probes. Oats for reduction were
taken from a curve faired through the experimental points. The TTP did not approach the surface as closely

as the TPP. being mounted to one side, and being larger In size, A fourth order polynomial was fitted
to the wall temperature and the Innermost few measured data points, to provide TO data in this inner
region, The static pressures recorded did not, when extrapolated, match the wall pressures. This dis-
crepancy was attributed to uncertainties of calibration. The normal pressure gradient recorded was however
very close, in the outer part of the boundary layer, to that predicted by an inviscid characteristic

10 solution for the flow, The pressure distribution used in the data reduction was therefore taken as the
measured distributlon shifted so as to match the wall pressure. The shift ranged up to 10 %. No probe

11 shear or displacement corrections were applied and the Sutherland viscosity relation was used. The editors
12 have presented all the profiles published by the authors. The D-state has been set arbitrarily at the
13 outermost point presented. The profile series presented for each centre-body are distinguished by free

stream Mach number. All are for a near adiabatic wall excepting series 12-15 for which there was substantial

hast tranisfer. The original Ieat transfer data is presented graphically and is not reproduced here.

DATA: 6401 0101-1603. PT2 and TO profiles simultaneously, P profiles separately. NX up to 7,

15 Fditors' comments

This series of tests includes some very interesting flows. Series 01-04 describe the recovery of a boundary
layer which has undergone separation ahead of and reattachment to the blunt centre-body, followed by a rapid
simple-wave expansion before entering the test-zone, Series 08-16 describe a boundary layer which has passed
through a shock, without separation, before undergoing a relatively gentle simple wave expansion in the test-
zone. There are no comparable results. Series 05-07, undergoing a simple wave compression, should be compared
with Sturek I Oanberg - CAT 7101.

The profiles contin a large number of data points and, on the evidence of our calculated PO values, extend
well out into the free stream. The entropy gradients resulting from the shock systems of series 01-04 and
08-15 are, on the sam evidence, not very severe. The shifting of the static pressure profile so as to match

the wall pressure could have been checked, with advantage, by a Pitot derived value in the free stream, at
least for series 06-07, In the light of the analysis of Myring (1968) and Myring I Young (1968), it would
sem that the necessary shift is perhaps greater then that actually used. Any influence on the reduced data
it, however, not likely to be very great, a 10 % shift In P resulting in about a 6 % change in local Mach
number and changes of order 10 % in the Reynolds numbers.

The profile measurements do not extend within the momentum deficit peak In about half the cases, so that
integral values should be treated with reserve. There is considerable scatter in the edge states within a

'4
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given series (e.g. series 11) and some unexplained relatively large inconsistencies - as the edge Mach

number variation for series 0 7. where it seems probable that there is a gross error for either 0701 or

0702. The author comments that in some cases it may not have been possible to arrange for the probes to
be made parallel to the body surface, and that some unusual interference effects could result.

Values of S/RZ can be as great as 40 %. The effects of transverse curvature, therefore, may well be
significant.

Table 1

COORDINATES OF MODEL SURFACE

NOSEPIECE MODEL A MODEL B MODEL C

X a 0 at nose X - 0 at "Station 0" X - 0 at "Station 0" X • 0 at "Station 0"

X Y X Y X Y X Y

0 0 0 34.93 0 34.93 0 34.93
25.40 4.83 25.40 60.38 25.40 35.17 25.40 40.56

50.80 69.16
50.80 9.32 60.49 69.85 50.80 35.89 50.80 45.69

76.20 13,41 constant 76.20 37.08 76.20 60.32
101.60 17.20 101.60 38.76 101.60 54.44
127.00 20.55 127.00 40.93 127.00 58.06
152.40 23.67 152.40 43.59 152.40 61.21

203.20 28.52 177.80 46.71 177.80 63.85
254.00 32.08 203.20 50.34 203.20 66.01
304.80 34.19 228.60 54.46 228.60 67.69

355.60 34.93 254.00 59.08 254.00 68.89

I constant 279.40 64.21 279.40 69.61
"Station O" 34.93 304.80 69.85 304.80 69.85

constant I constant I constant
558.80 69.85 558.80 69.85 558.80 69.85

Nominul dimensions in mm.
Actual model coordinates were "within a few 0.001 Inch - 0.0254 mm -

of these".

The three models have circular profile sections, for which the

radii of curvature are A 69.85 mm 8 & C 1.3475 m
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CAT 6001 CLUTTER 8OUNDARY CONDITION& AND EVALUATED DATA. 31 UNITS.

Ruri k * TW/TR RL0?2 CF HI2 112K PW P0*
X * POD Pw/PD RED2O Co H32 H32K TW* TD*
RZ * TOO Sw * 02 P12 H'2 02K UD TR

60020202 1.7380 0.qT93 1.Sb37,*04 NM 2.210b 1.1769 3.3051"+00 3.3054+014
i.o060o-oi l.7 81÷05 1.000 ?.21711104 NM 1.87q0 1.8741 2.6626"+02 1.91221#02
6.9850"o02 1.067J*402 1.0000 q.b6s6"-00 :M 0.1100 1.0566"-v3 4.8187"÷02 2.9473"+02

64010102 1.6760 0.q771 1.R?
92i+04 NM 2.1375 1.1892 3.6271"÷00 3.6271"40"

1.5240"-oI 10268"+05 1.0000 2.995*+04 .M 1.8674 1.8*21 2.8956"+02 1.9711**02
6.q850*.02 3.07865102 1.0000 1.0901-03 NM 0.1321 1.193(4-03 4.7178"+02 2.9633"+02

64010?01 2.6310 0,9534 ~q178"+0L N4M 3.4739 1.1697 l.426O"*0 1.4280"÷04
1.5ae0.-0I 2.8aqa*05 s1.0000 3.6572"+04 rim 1.8710 1.8593 2.8255"+02 1.322-8402
6.950'-0Z 3.1541"+02 1.0000 1.4&83"-03 NM 0.2069 1.8208"-03 6.0670"+02 2.9636"+02

64010202 2.6250 0.4540 1.6668"04 NM 3.902 1.1639 1.4395"+04 1.4395M÷04
2.0320-Ol0 2.985b1t05 |.0000 3.55790+04 NM 1.6b42 1.8521 2.8012"÷02 1.3139"+02
6.9a8S0-02 3.1246b"02 1.0000 1.°240"-03 NM 0.2006 1.7474"-03 6.0328"+02 2.9363"÷02

69010205 2.6340 0.1651 2.1396"04 NV 3.S230 |1.023 1.6191"+04 1.6191"÷04
3.04860-0I 3.4052!"05 1.0000 4.1290o04 NM 1.6574 1.8437 2.83491+02 1.3094"+02
6.96s0"-02 3.1260".02 1.0000 1.45720-03 Jim 0.2050 1.8242"-03 6.0032"+02 2.9375"+02

60010204 2.61$0 0.9549 2.19660+04 NM 3.4953 1.2051 1.6670",0i 1.6670'+04
3.55600-01 3.41054405 1.0000 Q.1728"+04 NM t.8SS3 1.8394 2.6156"+02 1.3294m+02
6.9850M 02 3.1372802 1.0000 1.46330-03 NM 0.2078 1.8260-03 6.0362"÷02 2.9480"÷OP

64010301 3.2770 0.9824 9.0838"+03 NM 4.7834 1.1q37 6.204t|+03 6.2441*÷03
2.54001-01 3.45510*05 1.0000 2.28S1•÷04 NM 1.8711 1.5512 2.8586"+02 9.Q0,,O*÷O
6.9850"-02 3.1320"402 1.0000 1.1313"-03 NM 0.2418 1.54524-03 6.%539"+02 2.90961+02

64010302 3.3090 0.9902 1.0343,+04 NM 4.S959 1.1852 6.52970+03 6.38291+03
3.0480"-01 3.70030#5 1.0230 2.64960+04 NM 1.8675 1.5490 2.8657002 9.8389*.01
6.9850*-02 3.1385"#02 1.0000 1,2502-03 rM 0.2414 1.69780-03 6.5808"+02 2.9144"+02

64010301 3.3110 0.q619 4.9320+*03 NM 4.6075 1.1684 6.1748"+03 6.U4771+03
3.5560,-Ol 3.51b2"*05 1.0210 2.5310"*04 NY 1.6659 1.8482 2.8641"+02 q.838q"÷o
6.9850"-02 3.1411,102 1.0000 1.2596"-03 NM 0.2490 1.7128"-03 6.%@4,J"+02 2.91t81÷02

6401030' 3.2060 1.0043 1.00990#04 NM 4.6320 1.1923 6.5127"+03 6.5127"+03
4.06400-01 3.2482*05 1.0000 2.S112.004 NM 1.8640 1.8450 2.9412V02 1.0306W02
6.9850N-02 3.1491-t02 1.0000 1.2?40-03 NM 0.2357 1.7523"-03 6.5254"+0? 2.9287"+02

64010010 4.430 0.9680 4.03130+03 !4m 7.5304 1.2127 1.3964*+03 1.,168"+03
2.54000-01 2.9591"÷OS 0.9574 1.4446+04 lM 1.8620 1.8300 2.7728"÷02 6.77718601
6.98501-02 3.1182"#42 1.0000 1.3773*-03 NM 0.3417 2.3076"-03 7.00374+02 2.8644"+02

60010402 .3230 0.9745 4.32540#03 Nm 7.6525 1.2065 1.4382"+03 1.4765"+03
3,0480'0-1 3.4222"+05 0.9727 1.60240+04 Nm 1.8636 1.8320 a.79904#02 6.6056,*+1
b.9650".0o 3.12950+02 1.0000 t.3820-03 Am 0.3105 2.3213"-03 7.0045'402 2.8727402

64010403 4.0720 0.980 4.5567+03 tm 7.3363 1.2174 1.b086"403 1.68830#03
3.15600-01 1.62041+05 0.9spe 1.ss3 .oo04 :JM 1.8569 1.8265 2.83111+02 7.2400"+01
b.985O'-02 3.1269"+02 1.0000 1.4305"-03 NH 0.3112 2.37852-03 6.Q490"+02 2.8710"+02

64010400 4.4860 0.9880 5.0548"103 NM 7.2534 1.2092 1.6477"+03 1.5753"+03
4.0640"0.0 4..912"o0S 1.0460 2.0033.0+0 1iM 1.8515 1.8190 2.85689•'02 6.770"+0l
6.9650"-02 1.1567'+02 1.0000 1.44741-03 4M 0.3110 2.4401-03 7.1296*+02 2.8937"+02

I!

J _ _ _ _ _ _ 3.
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given series (e.g. series 11) and some unexplained relatively large inconsistencies - as the edge Mach
number variation for series 0 7, where It seems probable that there Is a gross error for either 0701 or
0702. The author coients that in some cases it may not have been possible to arrange for the probes to
be made parallel to the body surface, and that some unusual interference effects could result.

Values of S/RZ can be as great as 40 1. The effects of transverse curvature, therefore, "y well be
significant.

Table 1

COORDINATES OF MODEL SURFACE

NOSEPIECE MODEL A MODEL B MODEL C

X - 0 at nose X - Oat 'Station O" X w 0 at 'Station O" - 0 at 'Station 0"

X Y X Y X Y X Y

0 0 0 34.93 0 34.93 0 34.93
25.40 4.83 25.40 60.38 26.40 36.17 25.40 40.56

50.80 69.16
50.80 9.32 60.49 69.85 50,80 36.89 50.80 46.69
76.20 13.41 constant 76.20 37.08 76.20 60.32

101.60 17.20 101,60 38,76 101.60 54.44
127.00 20.56 127.00 40.93 127.00 58.06
152.40 23.57 152.40 43.69 152.40 61.21
203.20 28.62 177.80 46.71 177.80 63.85
254.00 32.08 203.20 50.34 203.20 66.01
304.80 34.19 228.60 54,46 228.60 57,69
355.60 34.93 254.00 59.08 254.00 68.89

c constant 279.40 64.21 279.40 69.61
"Station O" 34.93 304.80 69.85 304.80 69.85

constant I constant I constant
568.80 69,85 568.80 69.85 558.80 69.85

Nominal dimensions In mm.

Actual model coordinates were 'within a few 0.001 Inch - 0.0254 mm -

of these".
The three models have circular profile sections, for which the
radii of curvature are A 69.85 m 8 & C 1.3475 m

5
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CAT 6401 CLUTTER BOUNDARY CONDITIONS AND EVALUATED DATA. St UNITS.

RU:J MD * TW/TR RED2W CF M12 H12K Pw P0*
X * POo PW/PD REDID Co H32 H32K TW* TO*
RZ * TOO Sw * 02 P12 m42 D2K UO TR

61010501 1.6010 0.qd20 2.89,b"tOll N" 2.1212 1-2327 o.2793"#O4 4.Z793"+04
NM 1,821u"*05 1.0000 3.8793"+04 NM 1.8099 1.8010 ?.8651"+02 2.0133"602
3.4Q25"-0Z 3.04'34"+02 1.0000 1.5447"-03 .4

m  0.1078 1.7258*-03 4.55'7"+02 2.93B5t"02

60D0IoS• 1.5890 0.9797 3.3262"+04 Nm 1.8547 1.2533 4.6273"04 4.,408a"+04
5.0800"-02 |.8570o'05 1.0420 4.4260tO4O• IM 1.7929 1.7851 2.8824"÷02 2.0256"+02
3.5S86"-02 3.0484"+02 1.0000 1.72304-0S AM 0.2l2q 1.8030-0o3 4.5343"+M2 2.9421"m02

64020503 1.t920 0.9829 2.09190+04 lip 1.7970 1.2574 5.2967"+04 S.10250+04
1.52400-01 1.8517"t05 1.0380 3.S672".04 N1M 1.8013 1.79S4 2.8951"+02 2.1056"#02
4.3586".02 3.0430"+02 1.0000 1.0713"-03 NM 0.1014 1.5922"-03 4.3407".02 2.9455"#02

61010504 1.47o0 0.0860 ?.s83a"*+O 1M 1.9280 1.2453 9.4377"+04 S.1640*004
2.0320-0*0 1.8364*"05 1.0530 3.2807".01 41M 1.8163 1.8108 2.9041"+02 2.1167"402
5.0338"-02 3.04614"+02 t.0000 1.25341103 NM 0.0907 1.3725"-03 4.3213"+02 2.9453"#02

64010505 2.1310 0.91554 2.5164'#04 NM I.A026 1.2S44 S.6496"#04 s.SOllot5 0
2.5400"-0l 1.8291"4qs 1.0270 3.19h0"901 NM 1.6150 1.8101 2.9|70'"+i 2.1656'40l
5.90861-02 3.052"5+02 1.0000 1.2209"-03 NP 0.0429 1.3168"-30 4.2222"#02 2.96020+02

6D020601 3.4000 0.98116 t.27341+04 JM 4.8533 1.2281 6.7099"+03 6.7099"+03
NJM 1.4364"g05 1.0000 3.35000*04 NM 1.1122 1.7940 2.87141#02 9.53330#01
3.146q502 3.1574"'02 1.0000 1.3972"-03 NM 0.2746 2.055P-03 6.6S604*02 2.92820902

64010602 3.260 0.9794 1.341901,4 NM 2.0860 1.2526 9.0723N+03 6.sda6s"03
5.0800*.02 3.7112*'05 1.3370 3.3516"#04 J NM 12.619 1.7911 2.8756"+02 1.0070*02
3,58684-02 3.1599"+02 1.0000 1.S5631-03 NM 0.213 1.8467'-03 6.5779'402 2.93W0"202

64010603 3.1970 0.0765 1.24641+04 NM 2.7100 1.2322 1.0451+404 8.5198".03
1.520"-001 4.19341+05 1.2270 3.0253t010 NM 1.8294 1.8145 2.669S"*02 1.0378N*02
4.3566"-02 3.15924+02 1.0000 1,09644-03 .1M 0.2495 1.46410-03 6.52994*02 2.9385'402

64020604 3.0670 0.4726 .0234".04 NM 3.0572 1.2456 1.1540**04 1.0033"#04
2.0320"-02 4.0738"+05 1.1510 2.3152,004 NM 1.8386 1.8234 2.6543"+02 1.09280#02
S.03381-02 3.14866*02 1.0000 5.67114-04 NP 0.2455 1.1091"-03 6.42820#02 2.93480+02

64010605 3.0100 0.9b05 9.1197003 NM 3.0686 1.2287 1.2415'#04 1.1445-404
2.5400'-01 401614*#05 1.1220 2.0377"+04 NM 1.6557 1.8637 2.8714*+02 1.131140#0
5.9083"'02 3.2607*t02 1.0000 7.4804"-046 NM 0.2651 9.1366"-04 6.4164="02 2.9675"s02

64010701 4.0590 0.9817 3.22790+03 NM 6.2267 1.3440 1.80410+03 1.60410e03
NM 2.9626"+05 1.0000 1.0903+*04 NM 1.7962 1.7S53 2.6510"+02 7.35560401
3.49251-02 3.15930#02 1.0000 9.6459"-04 NM 0.3932 1.6654"-03 6.97974'02 2.9672-402

6402070a 4.48S0 0.9827 3.26491"03 NM 4.9556 1.3013 2.0231"+03 1.4714*403
5.000"-02 4.1793"t05 2,3750 1.2959404 lp N1 .8073 1.7724 2.8357'102 6.2667"i02
3.56651-02 3.1678"*02 1.0000 1.0006"-03 1M 0.2633 I.5650"'-0 7.118%"402 2.6856"+02

641010703 4.1660 0.4742 3.28164+03 NM 5.1343 1.3382 2.69724+03 2.1560"#03
1,5240N-01 4.0749"#05 1.2520 1.14941+04 NM 1.8147 1.7621 2.861bt*02 7.03330+01
4.1.343-02 3.1447N#02 1.0000 7.7530"-04 NM 0.2660 1.21040-03 7.0050"+02 2.8908"402

64010701 1.9600 0.9702 2.97620,03 NM 4.6065 1.2627 3.2287"+03 2.6664*403
a.03200-01 3.640b".05 1.2100 9.63gqo*03 NM 1.6419 168156 2.6376N+02 ?.6441"#Ot
5.03340-02 3.t620"#02 t,0000 b.2S96b-04 NM 0.2406 9.1196'-04 6.9419g+02 P.9126"402

64010705 3.7350 0.9626 2.9865"'03 NM 4.1631 1.2S26 3.90ot6*03 3.36991+03
2.54000-01 3.59291#05 1.1520 6.0061*+03 NM 1.S692 1.0398 2.019'*02 8.3167?.01
5.90630-02 3.15211*02 1.0000 S.41020-04 NM 0.2769 7.3922"-04 6.8293"+02 2.9107"02



640 -111-1

CAT 6401 CLUTTER BOUNDARY CONDITION3 AND EVALUATED DATA. 31 UNITS.

RuJ mD TW/TIR R102W CIF H12 H1K P19 PD'
X POD P19/PD RED20 cQ 1132 M32K 719* Yoh
RZ TOD 351 * D2 P12 Hil2 02K UD TR

60010M01 1,5930 1.024s9 2.45M4*+04 Ilf, 2.1223 1.255q i.lOj170"4ou 4.1039"+04
-5.0800"-Oa 1.7261*+O5 1.0000 3.3931"+04 jwd' 1.8010 1.7q22 3.00l1"+02 2.0OIIP"+0?
3.915s-02 3.034I3*102 1.0000 1.4153"-03 -I

M  
0.1202 1.5863"-03 dh.53131+02 2.9?8I"+O2

boll01s8? 1.4090 1.0208 P.7668"+04 NKI 2.0001) 1.aq6Ll S.4082"*0'J 5.L4482"+0'J
5.0600"-02 1.793O'.05 1.0000 1.58fl1'*ull Jk, 1.779S 1,1728 3.0017*+U? e.1664"+O?
4.56920-02 3.030l1"+a2 1.0000 1.4188"-03 NP' 0.0975 1.5762'-03 491604"402 20'7405"+02

b4010803 1.4670 1.0176 2.2260"+04 NIA 2.0203 1.2593 5.0546'tou S.0546"+04i
1.0160'-o1 1.76934+05 1.0000 20933040+0 NM 1.8161 1.8099 1.9751"*02 2.1100*+0?
5.9937*-02 3.01824+02 1.0000 1.1091'-03 1414 0.1010 1.2692*'03 4.272S'+Q? 2.9?37*tO?

6'd010804 1.5050 1.0136 1.7810'+04 14- 2.17614 ý.2425 4.b2bl)'404 'l.70411"t04
1.5240".01 1.1395"+65 1.983m 2.3(o63*0+0 NY 1.8371 1.8305 3.00364+02 2.107RN402
6.1210-02 3.0620+02l 1.0000 9.695?".00 1411 0.1045 I.0790",-03 1J.S8O9',2 2. 9 6 33 "4-0 2

64010805 I.3700 1.0064 1.5397"+04 N4M 2.2711 1.1990 4.2?36'.04 4.32881'0#0
P.0320"-01 1.76021+f5 0.9757 2.07864t00 NMA t.8651 J.6603 2.96b54402 2.9044'*+02
6.60120-02 3.0521"+02 1.0000 8.5171'-04 NM 0.1071 9.4704'00a 'J.S004+D?2 .9L1?S4+02

60010806 1.6260 1.0124 1.4501*409 NM 2.0315 1.1914 3.86874m04 L4,0147*+04
2.4ow9 1.77360+05 0.9683 2.00464+04 NiM 1.8735 1.8682 1.9616"+0? 1.98504#u?
6.88870-02 1.03460+02 1.0000 A.2I88'-09 No 0.1143 9.19W6-041 4.593?"+02 2.92550+02

64010807 1.6530 0.0197 I.398200fl NM 2.2400 1.1904 3.7673".04 3.8422"+04
3.04600-0l 1.7671"*65 0.9805 1.95SII*04 NM 1.87017 1.8709 1.9739*+0? 1.9656'+02
6.98SON-02 3.03q7m+02 1,0000 8.1308"-04 N4M 0.1711 8.9015*-04 4.6465"+C? 2.92804+02

60010901 2.3510 0.9721 1.7,314"#04 NM 0,0366 1.1793 2.026?'+04 2.?252"#04
I.5290"'.01 3.01350+05 0.9108 3.013'0+04 NM 1.674S 1,8624 ?,859SW02 1.4773"+0?
6.1214"-02 3.111I9602 1.60000 1.OZR14-03 NM 0.al03 I.2907*-03 S.7302'.02 2.94915'+02

64010902 2.5090 0.9802 1.76290+04 N4M 4,1380 1.1907 1.77500+04 1.929T"+04
*2.03200-01 3.343o'sO! 0.9198 3.2818N+04 NMA %.6b84 1.8534 2.6706"+02 1.376l"(Jl
*6.6012*'02 3.10670#02 1.0000 1.1`19450-03 NM 0.2424 1.3467"-03 5.9012"+02 2.9265m+02

*64010901 2.5120 0.9776 l.050'*+00 NM S.0302 1.1777 1.6115m004 1.82499+04
*2.54000-01 3.11767'405 0.8531 2.69740+04 IN 1.8807 1.5675 2.86669"*02 1.3761"+0?

6.8887*-02 3,1128*402 1.0000 9.50160-04 pNM 0.1054 1.2%33"-03 5.9062'0+0 2.9322"+02

611010400 2.5530 0.9816 1.71L86'0+0 'IM 9.6563 1.11174 1.47560"04 1.6624"#09
3.0480"-01 3.12130005 0.6772 3.2544u,04 NM 1.6676 104968 2.8704"+02 1.34641+v?
b.9850'-02 3.107a"+02 1.0000 1.19120-03 NM 0.2568 1.57l8*"03 S.94S0"402 2.92499mt0

3.5sb0'.01 3.03640+05 0.9761 2.94470'40 riM 1.8695 1.853q a.57320+02 1.315V+*02
6.9850"-02 3.10934#02 1.0000 t.11d?2w-03 NM 0.1213 1.46411-03 6.00440402 2.9227"+0?

69010906 2.6350 0.965% 2.127b"+04 IVA 3.4668 1.2127 l.S294'0+0 1.5299'.01l
9.5720N.01 L211090+05 1.0000 't,1760".00 NiM 1.849% 1.8324 1.0920"+02 l.3075N#02
b.96501102 3.1238'0+0 1.0000 1.56W9-03 NM 0.2336 1.94146".03 6.04170+02 2.93499+02

64011001 3.2760 0.q763 9.0277*+03 N~M 8.693 1.2171 7.6394"+03 8*98va"M0
Ze0320-01 4.69060+05 0.8999 2.2462*+04 Jim 1.15S29 1.8366 2.91741.02 1.02220+02
6.601?".02 3.21641+02 1.0900 8.51680-04 NM 0.2633 I.285?7'03 6.6409*+02 2.98820+02

69011002 3.1990 0.9450 7.'41250+03 rim 6.0795 1.1951 6.3694"+03 7.3884*+03
2.34000-01 4.22170+05 0.8614 1.8798.+04 NIJf 1,8719 1.6563 2.q0440+02 9.9944N+01
6.6S07*-02 3.17490'02 1.0000 7.86140-04 NM 0.3188 1.1719*-03 6.6126"+02 2.9487"*02

69901003 3.9770 0.9813 3.69014+03 14M 6.5066 1.1896 S.&0776*.03 5.87150+03
3.04801-01 4.33424+05 0.9329 Q.9767'i.93 N

TM  
I.9012 1.8066 a.9146"+02 9.3778*40I

6.9830"-02 3.20320+02 1.0000 49.3996-04 14M -0.2969 6.7720*-04 6.IS09"+02 2.96904"02

64011004 3.S030 0,9791 5.107s0+03 NM5.3519 1.1999 S.700su+03 5.74999'+03
305S600-01 4.40434+05 0,9919 1.39140+04 NM 1.8895 1.6729 a.916R*+02 9.31110+01
6.9630'-02 1.2162**02 1.0000 6.34091-04 NM 0.3008 8.6461"-04 6.7772M+02 2.9786*+02

64011005 3.4040 0.9837 3.SSION+03 NM 4.9219 1.2224 S.28170+03 5.28170+03
4.5720".01 3.91022"05 1.0000 1.4640"+04 Nim 1.8697 1.682od 2.90300t02 9.60000+01
6*9650"-02 3.1021"402 1.0000 7.63122-04 JIM 0.3043 1.07W9-03 6.6531"+02 2.9510%+0?

N..-.69011101 4.4040 0.971S 3.111800+03 rim 10.3645 1.2610 I.S7950#03 l.6897*+03
3.04160"-01 4.74276+05 0.4544 t.1043"+04 NM 1.8728 1.5330 .0S675'0+0 6.6000"*0l
6.411SP0'02 3J21021+02 1.0000 4.01120-04 ;lM 0.3907 1.524d1'.03 7.17310+02 2.9591+02

6901110? 4.2980 0.9606 3.31990+01 rim 6.1660 1.260% 1.32944003 1.6432"+03
3.1360"-Ol 3.6696*+05 0.90277 1.220b**04 rim 1.8137 1.4140 l.6S08"s0? WS700'0l0
6&.$SO"020 3.1651"402 1.0000 q.8516'-04 Nim 0.0166 1.7163*-03 7.0750*40a 2.90eo'+Ql

69011003 309470 0.976) 3.S190+"03 NMI S49411 1.2930 2.0971$403 2.04590#03
4067204.00 2.6938'0to 1.0210 1.t5370+04 NM 1.62s1 1,7913 1.9061100a 7.8%560+01
6.9650*-02 3.23320+02 1.0000 1.09100-03 NM 0.3090 1.67304-03 7.0140"402 a.9786"#02

64011104 4.2090 0.4820 2.47200*03 14M 7,5819 1,296S I.39610+o3 1.6431'+03
95,3660'.01 3.45688'*0 0.9713 1.07179#04 Jim 1.6517 1.8150 1.9044"402 6.qA33*+0I
6494509-02 3.2199*tQ2 1.0000 9.20090-04 JiM 0.3352 653548"-03 7.1l910+02 2.957660M



6401 -B-4

CAT blO1 CLUTTER BOUNDARY CONDITIONS AND EVALUATED DATA. 81 UNITS.

RUN mo * TW/TR RE02W CF HI2 H12K PW P0*
X i POD PM/PD REDID Ca M32 H32K TW* TD*
RZ * TOD SW * 02 PIR H42 02K UD TR
69011201 1.5070 0.6743 2.51651+04 NM 2.0351 1.271 '4.7375"÷04 4.8243"+04

1.52O0"-Ol 1.7891.+o5 0.9820 2.4Q74"+04 NM 1.6400 1.8381 1.9796"+02 2.0067"+D2
6.1214"-02 3.03451+02 1.0000 9.47fT-'04 NM 0.1808 1.02671-03 4.3647"#02 2.q35q"+02

6401120? 1.5700 0.6068 2,246P+0dl NM 2.0574 1.2123 4.15q90+04 4.2624"÷04
2.03200-01 1.7332**05 0.9757 2.0048'04 NM 1.6565 1.8955 1.78821+02 2.04390+02
6.6012,-02 3.0515'.02 1.0000 6.3392"-04 NM 0.2341 8.9690*-Qg 4.5003*÷02 2.9467"+02

i4011203 1.6330 0.6652 2.0676"+04 NM 2.285 1.2106 3.?9aII*OO 3.9114"+04
2.$400'-0| 1.7461".o5 0.9695 2.03790+04 NM 1.8530 1.8503 1.0344"+02 1.9728"+02
6.8867"-02 3.0249"+02 1.0000 0,46850-04 NM 0.2274 9.2,65W-04 4.5987"+02 2.9155"#02

68011204 1.6620 0.7773 1.7901t'04 N1 2.3097 1.2142 3.7203*.04 3.7943"+04
3.0480'-01 1.7b6$9+05 0.9805 2.02900+04 NM 108601 1.854B 2.2756"0O? 1.9583"+O2
6.9850'-02 3.0402"+02 1.0000 6.45620-04 NM 0.1500 9.3904"-04 4.6632"+02 2.9277"+02

64011301 2.3610 0.6203 2.6842"+04 NM 3.4862 1.2171 2.0418'+04 2.a%96"+04
1.5240*-ol 3.0625.+05 0.9199 3.1S411+04 NM 1.6469 1.8363 I.6057."02 0.4SSO+o0
6.12140-02 3.079.0#02 1.0000 1.08360-03 NM 0.3584 1.33700-03 5.7149"+02 2.91090+02

64011302 2.5180 0.5735 3.2052"#04 NM 2.95s7 1.2626 1.5075"÷04 1.8661"+04
2.03200-01 3.27904*05 0.9686 3.64300÷04 NM 1.6137 1.8063 1.6837"÷0+ 1.3744"+02
6.6012"-02 3.1173'#02 1.0000 1.3184'-03 NM 0.5971 1.57*7"-03 5.9187÷012 2.q36t1"02

68011303 2.5%90 0.65s5 2.2207x÷04 riM 4.3376 1.220S 1.57910+04 1.7629n#04
2.54000-01 3.1561"t05 0.6059 2.99924+04 NM 1.8458 1.6342 1.937"+02 1.37394fo2
6.8687*-02 3.1313*#02 t.0000 t.07186-03 NM 0.3251 1.4|170-03 5.94344+02 2.9486"+02

64011504 2.6350 0.62!2 2.39964+04 NIA 3.53609 1.2344 I.4M594*04 1.5093"404
3.5560"-01 3.17191i05 0.9868 3.14411+04 NM 1.8368 1.6239 1.8387"+0? 1.3106"402
6.9850"-02 3.1305"+02 1.0000 1.2292"-03 NM 0.3115 1.SUSO"-03 6.0481"+02 2.9412"+02

64011401 3.2190 0.6388 9.3986"+03 Nim 5.0336 1.2668 6.9609"+03 8.017%*403
2.54000-01 4.07S8"*05 0.8707 1.6222"÷04 NM 1.6386 1.86247 .9609÷02 1.03698#02
6.88871-02 3.1919"#02 1.0000 6.7615"-04 NM 0.5925 9.3428"-04 6.S783"*02 2,96800#02

61011402 3.4020 0.6132 9.1805"+03 NM 4.7794 1.2960 6.1605'003 b.5972"+03
3.080"-101 4.34740+05 0.9395 1.64528+04 NM 1.8510 1.8368 1.7803"602 9.444•4+01
6.98500-02 3.13061*02 1.0000 6.426W.-04 NM 0.5421 9.38101-04 6.62668"02 2.90320+02

64011401 3.4560 0.6060 9.07374+03 NM 3.9248 1.2802 S.45020+03 5.40764+03
3.S5601-01 3.9313"÷05 0.9932 1.7862N+04 NM 1.6286 1.8117 1.77726*02 9.33699001
6.9850"-02 3.1048"#02 1.0000 a.69440-04 NM 0.6388 1.1250*-03 6.69020+02 2.9327"402

64011501 4.0540 0.7220 4.0569"03 INM S04010 1.240 2.06240+03 2.9qO0".O
2.5400'-01 3.7171*"05 0.9417 1.0807"*04 NM 1.8232 1.8026 2.09340+02 7.26110401
6.8887"-02 3.1483*"02 1.0000 7.6783"-04 NM 0.7868 I.S30"-03 6.977111+02 2.896"+02

e0OiiSO2 4.4110 0.6702 3.7773*+03 Nm 6.17"9 1.27S4 I.S452"+03 1.7366"+03
3.0480-01 4.4948"+0 0.68D 8 1.0711O+04 NM 1.8365 1.8107 1.9466"802 h.4167"MO|
6,9850"-02 3.13$60#02 1.0000 7.3813m-04 NM 0.6405 1.259%0-03 7.08644+02 2.87904+02

64011503 4.3210 0.7710 3.b09"+03 tim 5.9722 1.2q65 1.5248e+03 1.5420+'03
3.55b0"-00 3.68158+05 0.9811 1.1284*.04 NM 0.6237 1.7981 2.2461"*02 6.689"M01
6.9550f-0? 3.173b'#02 1.0000 9.42DO-04 NM 0.6536 1.451b'-03 7.0953%*0+ 2.9131"*02

*11



640-11-5

EVALIJATO~ D)ATA - PRESSURf~ bASED REFEALNCft FL~w

RUN L)2pl M12PD M32pD H42PD REDIpno( REDPrIn DSTAH
02IlIlaPW 132pd M'42pw MONOP" ktuapwo

1.1312"-03 '4.7639 1.8711 0,2'4l9 2.2876'.o04 9.093h"4"3

h'4010302 1.21351""0 '4.8130 1.566b3 0.2'443 2.6209"+04 I.'4231"4'J4 5.'Ah'I"O3
1.2190"-03 4,6001 1.8692 0.2'439 2.6250'40J 1.0?'47"')4

840in303 1.l'4b9"-03 4.7932 1,8648' 0.251S 2.5064'4+04 9.8'd9b",03 5.40551-03
1.232011-3 '4.7667 1B6875 0.2S12 2.5121"+0J4 9.86d411+03

6'4010104' 1.2827"-03 '4,6319 1.6640 0,2357 a.5'45"tO'4 1.0112"04O 5.q387'-03
1.292b"-Ol 4*6119 1,6640 0.2357 2.51'45"+04 1.0112"+04

141~b' .3970".03 '4.SS40 1.8222 0.2746 3.3535"*04 1*27'47"4V'i 6.7767"-03
1.3970"-13 '4.8e%39 3.222 0.2746 3.3535"+04 .27'474 *U'4

64010fa0d 1.3pla;:o3 .4*443S J.7917 0Ia~uo 2.6576'i04 1,1d4'4O'*Od 5*t636?".03
1.120 -43 4.3941 1.6318 Q.041~ 2:9252"404 1.1711"+0)4

641010a03 1.07'411,03 4.3415 1.615 6 0.2760 2,7190"#04 1.12214+44 4.10'20-03
9.374%*.)4 '6.2972 1.8443 0.2736 2.7636"+U4 1.1'405"+1'4

64010604 6.1140.04 '.2274 1.8279 0 a66? 1.114"+4o' 9,4516401.o 3.1986k-03
?.'3710".u' '4.1901 1.6457 0.23 2.1966e+04 9,562t*+,3

6 4010605 o.9712*'0" 4.05'18 1,3471 0 49~ 1.9011"+04 a.b091*+93 2.b6460",03
6.5a37P-0'4 440215 11.685 012'817 1.9200k+04 11.593t"+03

4 40~01 .9b~' '.36 1:.8562 Ill 02 10 .346'-804 9.4295'403 '4.514?9'-03*9.I790.04 a.566 2.6450 0.2735 2.33130+04 9.ý610'.03

84011Qj0 6.3777"-04 '4*7903 1.4769 0.2991 2,0052'+04 1,906A'+03 '4.1400'03
9.i3qs"-o" '4.6251 1.6605 0.3022 1.116524.o04 7.8278"+Ol

6491194~. 4.4061"-Q'6 7.i994 149W "01 o28 1 05?771O' SOM"l340 3,i546"0'-
5.0993"-oo 7.a217 168961 -0.2635 1:0 33'.iJ4 3.50950"+03

6.1j 1M~:4450".04 5.1644 1,8695 0:2974 1'4086"+04 5,1617"+013.36"

64011005 7,6321-:04 '4.9222 1,6&117 0 304 1 1 4657*004 S."b"o0"~3 3.05W1-03
7obs2'n-04 '6 a 1,869 7 0:30'43 1:4657"+04 j56~18'.4)3



6401-(-I

60010301 CLUTTLR PROFILE TABULATION Q9 POINTS# DELTA AT POINT 49

I y 0T2/P P/PD TO/TOO 14/11O U/UD T/TD RHO/RHOD*U/UD

1 0.00Q0"+00 1.0000"O+0 1.00000 0.91272 0.00000 0.00000 2.87300 0.00000
2 1.2700"-00 2,277a'+00 1.00000 0.93b24 0.35222 0.51730 2.32700 0.23090

, 2.540"-00 3.0674"+00 1.00000 0.93814 0.42880 0.62300 2.11700 0.29471
0 $.0100"-0u 3.70080"n0 1.00000 0.94073 0.48034 0.67590 1.90000 0.34116
5 5.0800"-04 4.082a,+00 1.00000 0.94256 0.50871 0.70250 1.90700 0.36838
6 6.500::-0. 1 i0oc7 00 1.000 0744634 0.53419 0.725?0 1.a4300 0.39349
7 7,0200-00 ,.7554"+00 |100000 0.90586 0.55460 0.74290 1.79200 0.91456a 8.09001-04 S,0209"+00 1,000O0 0.94737 0.S72t5 0.757|0 ,TSl•O0 0.43238
9 1.0160".03 5,2537*f00 1.00000 0.94556 0.58079 0.76890 1.70700 0.44782

10 1.1430"'03 5.676"+00 1.00000 0.95021 0.59992 0.77920 1.6700 0.46189
It 1.27001-03 S.6679"+00 1.00000 0.95147 0.61192 0.78840 1.66000 0.47494
12 1,9050*-03 6.4072 .#10 1,000n0 0.95690 0,65440 0.81970 1.56900 0.52243

13 2.000-03 69q6s7-T00 |,00000 0.96166 0.646S 0.84100 1.50800 0.55769
14 3.1750*-03 7.4344',00 1.00000 0.96530 0.70910 0.35710 1.6100 0.56665
15 3.8100"-03 7.0660fo00 1.00000 0.96863 0.73084 0.87090 1.42000 0.61331
lb 4.0450*-03 0.2837'*00 1.00000 0.97125 0.75129 0.88320 1.38Ž00 0.6390?
17 5.0800"-03 0.S523".00 1.00000 0.97317 0.76414 0.89080 1.31900 0.65548
t8 S.7150"-03 8.8810"+00 1.00000 0.97477 0.77700 0.89860 1.33600 0.67223
19 6.35000-03 9.05920#00 1.00000 0.,76l1 O.?6701 0.90410 1.31700 0.60648
20 6.9650'-03 9.2752"#00 1.00000 0.97740 0,79768 0.90950 1.30000 0.69962
21 1.6200"-03 9,5120'.00 1.00000 0.97890 0.80839 0.91530 1.28200 0.71396
22 .2sso0-OS 9.7643"+00 1.00000 0.98038 0.82978 0.92130 1.26300 0.72945
23 8.89000-03 9.9328".00 1.00000 0.98123 0.82701 0.9500 1.2SO00 0.73901
20 9.5l50"-03 1.0129"401 1.00000 0.98222 0.63555 0.92930 1.21700 0.75125
2a 1.0100-o02 1.03190#01 1.00000 0.96303 0.86377 0.93350 1.21200 0.76266
26 1.0795*-0? 1.0550"#01 1,00000 0.96035 0,5361 0.93820 1.20800 0.77666
27 1.1430-02 1.08704#01 1.00000 0.96603 0.86720 0.90470 1.18700 0.79587
28 1.2065-02 1.1092"M0 1.00000 0.98717 0.87632 0.90910 1.17300 0,60912
29 1.2700"-02 1.1360'*01 1.00000 0.96823 0.88730 0.91400 .1,5600 0.81526
30 1.333*-02 1,5?76.+0I 1.00000 0.9894s 0,69616 0.95820 1.14300 0.63823
31 1.3970*-02 l.1a441*0O 1.00000 0.99040 0.90684 0.962T0 1.12760 0.84,11
32 1.460S"-02 1.069#0Ol 1.00000 0.99140 0.91581 0.96660 1.11,00 0.60768
33 1.5240-02 1.23241+01 1.00000 0.99277 0.92561 0.97100 1.10000 0.88273
34 .!5875"-02 1.l615s'0l 1.00000 0.99393 0.93713 0.97570 1.08000 0.90009
35 1.6SI0"-02 1.2675÷0l 1,00000 0.99482 0.94711 0.97970 1.07000 0.91561
36 1.710•-02 1.3130$+01 1.00000 0.99605 0.95661 0.98370 1.05700 0.93065
37 1.7780'-02 1.3326'+01 1.00000 0.99677 0.96420 0.98660 1.04700 0.90231
38 1.8415*-01 1.1462'+01 1.00000 0.99710 0.96930 0.98850 1.04000 0.95008
39 1.9050'-02 1.3606.+02 1.00000 0.99772 0.97465 0.99060 1.03300 0.95895
00 1.9685"-0l 1.37491+01 1.00000 0.99610 0.97994 0.99?60 1,02600 0.96705
01 2.0320"-02 1.36S1'101 1,00000 0.99051 0.98372 0.99Q00 1.0100 0.91356
02 2.095s"-02 .39154+01 1.00000 0.99876 0.96606 0.99490 1.01800 0.97731
03 1.1590*-02 1.3979*0|l 1.00000 0.99905 0.98801 0.94580 1.01500 0.96108
00 2.29"1-02 1.40684•01 1.00000 0.99954 0.99166 0.99710 1.0200 O96625
45 1.28601-02 I.0071"+0l 1.00000 0.99972 0.99S42 0.99800 1.00600 0.99205
46 2.39915-02 1.41964+01 1.00000 0.99993 0.99631 0.99680 1.00500 0.99383
07 2.1301-02 1.42341+01 1.00000 0.99986 0.99770 0.99920 1.00300 0.99621
08 2.47610-0l• 2.469001 1.00000 1.00023 0,99870 0.99970 1.00200 0.99770

0 09 2.54000'-02 l.g90"40a 1,00000 2.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y*D9LTA#U/UDOT/TOfP/PD



6401-(C-2

64010302 CLlJTTR PRIFILE TABULATION 50 PUINT.t DELTA AT POINT 50

V PT2/P P/PD TO/TOO H/MO U/UI) T/TD RHO/RHOL*LI/UD

I 0,0000"0oo I.nooo"00o 1.02100 0.91947 0.00000 0.00000 2.93300 0.00000
4 1.2757"-04 2.6373"÷nO 1.02300 0.93337 0.38561 0.57790 2.24600 0.26322
3 2.5141"-04 3.6251"1-0 1.02300 0.93530 0.46993 0.61b040 2.01100 0.33900
4 3.8011"-0'l 3.9947'00 1.02300 0.93727 0.9746 0.69270 1.93900 0.3654b
5 5.0768"-04 4.2pa3"tO0 1.02200 0.93907 0.51831 0.71180 1.8mb00 0.38572
6 b.3525"-04 L.5203"fon 1.0?200 O.9qohb 0.53405 0.72580 1.84000 0.40161
7 7.625S'-04 4.7450"t00 1.02200 0.94234 0.54892 0.73870 1.81100 0.41687
8 8.8779"-04 4.95170+00 1.02200 0.94376 0.56223 0.74990 1.77900 0.43080
9 1.01540-03 5.l41S"+00 1.02200 0.94524 0.57419 0.75980 1.75100 0.44347

to 1.1429"-03 5.3111"+00 1.02200 0.94663 0.58643 0.76830 1.72700 0.49466
11 1.27050o03 5.460q"#0 1.02200 0.94621 0.59371 0.77570 1.?0700 0.46442

+_• 5|"010•-• 617"0662,00 |, 0 902 .h 2 4 9

14 3.1761"-05 7.1341p+00 I.OPO00 0.90306 0.68685 0.04430 1.51100 0.58994
15 3.8059".-0 7.S370",00 I.OAO00 0.96586 0.70742 0.05770 1.470n0 0.59514
1b 4.44442-03 7.9150"M0 1.01900 0.96861 0.72618 0.06960 1.434MO 0.61794
17 5.0794".03 4.297s*+00 1.0140 0.97117 0.74468 0.88080 1.39900 0.64093
18 5.7147".03 6.b660o"00 1.01000 0.97301 0.75976 0.88960 1.37100 0.6055
19 6.3o79"-03 6.86694*00 1.01700 0.97494 0.77150 0.89640 1.35000 0.675249
20 b.9852"-03 9.1236"+00 1.01700 0.97617 0.78312 0.90200 1.32900 0.69086
21 7.u004*-03 9.32774+00 1.0lo00 0.97749 0.79233 0.90790 1.313no 0.70253
22 8.2557"-03 9.1017100 1.01.00 0.97835 0.50027 0.91210 1.29900 0.71339
23 8.910"'-03 9.6940"+00 1.01500 0.97961 0.0859 0.91660 1.?8500 0.72401
24 9.526r-03 9.95064+00 1.01500 0.98098 0.81971 0,92240 1.26bO0 0.73912
25 1.0159"-02 1.01P0401 1.01400 0.98200 0.80982 0.92740 1.249•0 0.75291
26 1.01941-0? 1.0401"#01 1.013010 0.98329 0.83908 0.93210 1.2340• 0.76517
27 1.1429"-02 1.0633*01 1.01300 0.98431 0.84883 0.93680 1.21800 0,77913
28 1.0952."Ol 1.01200 0.91598 0.88210 0.94320 1.19760 0.79743
27 1.2700".02 1.1150".01 1.01200 0.98671 0.87022 0.94690 1,18400 0.80934
30 1.33150-02 1.1376"s0I 1.01100 0.98792 0.87938 0.95120 1.17000 0.82193
$1 1.3970002 1.16671+41 1.01100 0.98904 0.89107 0.95640 1.15200 0.63914
32 1.4606"-02 1.1900"+01 1.01000 0.98997 0.9002q 0.96040 1.13800 0.85238
33 1.5241"-02 l.2139"M 1.00900 0.99108 0.91043 O.9b48O 1.12300 0.860A6
34 1.876*-02 1,2411÷01 1.00900 0.99240 0.92024 0.96910 I.10900 0.88171
35 1.6509"-02 1.2678"*0I 1.00000 0.94316 0.93045 0.97320 1.09100 0.89670
3b 1.7144"-02 l.2db69l'l 1.00000 0.99418 0.93771 0.97630 0.08400 0.90785
37 1.7174?'02 1.3072O"O| 1.00700 0.994176 0.94540 0.97930 1.07300 0,91906
38 1.8415*-02 l.1269"#0l 1.00700 0.99566 0.95275 0.9m230 1.06300 0.930M5
39 1.9050*-02 1.3404+01 1.00600 0.99b4• 0.96074 0.9MS40 1.05200 0.94231
40 1.9655"-02 1.1702"0|l 1.004,00 0.99702 0.96874 0.98840 1.04100 0.95517
41 2.0320"-02 1.1830*+01 2.00500 0.99772 0.97341 0.99030 1.03500 0,96160
42 ?.0q56".02 1.1969&0| l.0Q40Q 0.99797 0.97810 0.99210 1.02t00 0.96M94
43 2.1591"-02 Io.4098q*O 1.00400 0,998e5 0.98314 0.94390 1.02200 0.97b39
44 a.2226"-02 l.2414'O 1600300 0.99681 0.94812 0.99570 1,01.00 0.98393
415 2.2859"-0D 1.43100"01 2.00300 0.99924 0.99077 0.99670 1.01200 0.96784
46 2.3494"-002 .4351"+0l 1.00200 0.99930 0.992"5 0.99720 1.01000 0.98930
47 2.4129"-02 1.43q34+01 1.00200 0.99935 0,09373 0.99770 1.00800 0.99178
48 2.4764"-02 I.4462"+0 1.00100 o.q9q?8 o.9qb2j 0.99670 1.00500 0.99473
49 a.5100"-02 1.4129M401 1.00100 1.00008 0.99860 0.99960 1.00200 0.99860

o SO 2.6035".02 1.A4509"9O 1.00000 0.40000 1.00000 1.00000 1.00000 1.O0000

INPUT VAOIAJLES Y#DCI.TA#U/UDT/TO.P/PD



640 (13

64010303 CLUTTER PROFILE TABULATIONJ 47 POINTS, .ELTA AT POINT 47

I y PT2/P P/PD TOT/D MIllD U/U0 T/T/ RHO/RHOD*U/UO

1 0.0000"*00 i.O0o0"to0 ,02O100 0.91t81 0.00000 0.00000 2.91100 0.00000
2 1.2789"-04 2.6670"o00 1,02100 0.91515 0,38852 0.57530 2.19600 0.26748
3 2.5336"-04 3.6857"+00 I.Q~t00 0.91762 0.47426 0.66430 1.6200 0,3O.569
4 3.81251-04 ,.2412"+0C 1.0?14: 0.92045 0.51465 0.70170 1.8S900 0.38539
S S.091"-0Oa 0.6021"00 1.02100 0.92321 0.53919 0.72340 1.80000 0.41033
6 h.3462"-04 4.8116"+00 1.02100 0.92603 0,552Ž1 0.73560 1.77000 0.42432
7 7.b251"-04 4.qTOa"to0 1.0100 0.9?871 0,56310 0.7u470 1,70000 0.43473
8 8.8798"-04 5.1099"+00 1,02100 0.93151 0.57186 0.75260 1.7$200 0.114365
9 1.0159"-03 1.2505"+00 1.0a100 0.93418 0.56057 0.76030 1.71500 0.45263
10 1.I038"-03 S.3?A2".00 1.02000 0.93703 0.58821 0.76720 1.70100 0.46005
11 1.2692"-03 5.S036M+00 1.02000 0.91985 0,59591 0.77400 1.6A700 0.46798
1l 1.9039"-01 6.06866"00 1,02000 0.95419 0,62993 0.80400 1.62900 0.50345
11 2.5409"-03 6.6009"+00 1,01900 0.95832 0.65823 0.82450 1.56900 0.53548
14 3.1755"-01 ?.0529"+00 1.01900 0.96196 0,68221 0.84110 1.52000 0.56367
15 3.8101"-03 7.4633"+00 1.01800 0.96500 0,70328 0.85500 1.47•00 0.58890
16 4.4447"-03 7.8370'+O0 1.01700 0.96760 0,72192 0.86690 1.44200 0.b1140
I7 5.0794".03 6.19%3*÷00 1.01700 0.97028 0.73933 0.87760 1.10900 0,6334q
18 5.7140"-03 8.5150"+00 1.01600 0.97253 0.5454 0.88670 1.38100 0.b5234
19 .3110"-03 8.7917u÷00 1.01600 0.97394 0.76745 089q4DO 1.3S700 0.693S
20 6.9856*-03 4.03871+00 1.01500 0.97569 0,77879 0.90050 1.31700 0.66363
21 7.603"-03 9.27384+00 1.01500 0.97694 0,78943 0.90630 1.31400 0.69795
22 6.2549"-03 9.4820"+00 1.01400 0.?7529 0.79874 0.91140 1.30200 0.70980
23 8.8895"-l3 9.6788tO00 1.01400 0,97937 0060703 0.91600 1.a8700 0.72170
24 9.5241"'03 9.9443"O0 1.0100 0.98055 0.81902 0.92100 1.26700 0.73708
25 l.011,"-02 1.0039"MO0 1491200 0.96161 0.82743 0.92620 1.29300 0.74806
26 1.0796"-0? 1.0397?01 1.01200 0.98300 0.83835 0.93170 1.23500 0.76347
27 1.1430"-12 I.Ob6604"0t 1OllO0 0.98419 0,54906 0.93710 1.21700 0.77808
28 1.206S"-02 1.0919O'+0 01100 0.98568 0.86020 0.94230 ,.10000 0.79389
29 L.2700:-02 '.1"40#o 11.11000 0.98669 0.86967 0.94670 1.18500 0.80609
30 1.3334=-02 1 13S 0+0a 1.)1000 0.9•744 0.87790 0.95000 1.17200 0.8t903
31 1.3969"-0? 1l.581"÷01 '.00900 0.98855 0.88701 0.9S060 1.15800 0.83177
32 1.4606"-02 1.17,00+tO 1.00800 0.98939 0.59449 0.95810 1.t1000 0.82173
33 1.5241"-0? 1.20051+01 1.00800 0.99099 0.90367 0.96210 1.13300 0.8S595
34 1.5875$-02 1.2300"M0I 1.00700 0.99176 0.91537 0.96700 1.11600 0.87255
35 1.65100-02 l.26024#01 1.00700 0.99282 0.92700 0.97180 1.09900 0.8900
36 1.7140-02 124l620+01 1,00600 0.99392 0.936S9 0.97590 1.08500 0.90484
3? l.77?9"0?- 1.3068'tOl 1.00600 0.99464 0.94467 0.97900 1.07400 0.91701
38 1.8416•*00 .3262"+01 1.00500 0.99541 0,93191 0.90190 1.06000 0.92745
39 1.1051*-02 l.34S9•0+0 1.00500 0.99620 Y.95924 0.95480 1.05400 0.93902
40 1.968!0-02 ,43635*+01 1.00400 0.99663 0.96571 0.98720 1.04500 0.94847
01 2.0320"-02 .50250+01 1.00300 6.99741 0.97265 0.99000 1.03610 0.4S647
02 2.09S4-02 1940310#01 1.00300 0.99829 0.98014 0.9o280 1.02600 0.97050
43 2.15890-02 1.4101+"Ml 1.00200 0,99892 0,98626 0.99510 1.01000 0.47946
'4 9.22W-020 1.4305'*01 1.00200 0.99914 0.98999 0.996b• 1,01300 0.98558

45 1.96610-02 1.4412"01 1.00100 0.99949 0.99383 0.99760 1.00800 0.99087
41 2.3495"-02 1.452l, +01 1.00100 0.99984 0099770 0.99920 1.00300 0.99711

D 07 2.4130*-02 1.45860+01 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VAHIABLE3 Y#OELTYAU/UDPT/TD#P/PD



640l-('-4

64010304 CLUTTER PROFILE TABULATION 48 POINTSs DELIA AT POINT 48

I Y P72/P P/PO TO/TOD 1.IAD U/UO T/TO RHO/RHOO*U/UD

1 0.0000"#00 1.OOO"#OO 1.00000 0.93400 0.00000 0.00000 2.85400 0.00000
2 1.2630"-04 2.6245#00 0.00000 0.93602 0.39673 0.5320 2.16100 A.26968
3 2.5506"-O0 3.2910"+00 1.00000 0.93914 0.45766 0.64020 2.00600 0.32313
4 3.138"-04 3.699st00 O1.00000 0.93908 0.49088 0.64000 1.91900 0.35435
5 5.0768"o04 4.0499",00 1.00000 0.94044 0.51725 0.70430 1.05400 0.37988
6 6.33980-04 4:3100"t00 1.00000 0.94221 0.53643 0.72150 .80900 0.39854
7 7.6276"-04 4,5140"t00 1.00000 0694365 0.55078 0.73400 1.77600 0.41329
8 8.Sq06*-04 4.6940o"00 1.00000 0.94494 0.56301 0.74400 1.74800 0.42592
9 1.0154*-03 4.86040#0V 1.00000 0.94613 0.5742? 0.75380 1.72300 0.43749
10 1.044I'-03 4.9a68"'00 1.00000 0.94747 0.56273 0.76090 3.70500 0.44628
31 1.2704'-03 S.1212r#00 1.00000 0.94835 0.59132 0.76740 1.66680 0.45540
12 1.9044.Q03 5.68W0"#00 1.00000 0.95359 0.62636 0.79510 1.60300 0.44318
I3 2.5409-03 6.167'"400 1.00000 0.95627 0.65632 0.81790 2.55300 0.52666
14 3.174q"03 6.1246"$00 1.00000 0.95960 0.60666 0.83790 1.46900 0.56273
I5 3.8089"-03 7.0103"+00 1.00000 0.96462 0.70226 0.84q70 1.46400 0.58O04
16 4 . 4 4 5 3"- 0 3 .36680"*00 1.00000 0.96776 0.72126 0.86120 1.41900 0.60336
17 5.0793"-03 7.7262"400 1.00000 0.97030 0.73990 0.67390 1.39500 0.62645
38 5.7156'-00 8.0672"*00 1.00000 0.97246 0.75707 0.88430 1.36400 0.66831
09 6.3497"-03 8.34451900 1.00000 0.97428 0.77091 0.89240 0.34000 0.66597
20 6.966*'-03 6.18884+00 1.00000 0.97616 0.78263 0.09940 13.3000 0.68136
1 71.6202"-03 8.6307"#00 1.00000 0,97740 0.79444 0.90580 1.30000 0.69677

22 6.25, *-03 9.1094"#00 1.00000 0.97901 0.80762 0.91300 3.27800 0.71440
23 0.8906'-03 9.32?1"t00 1.00000 0.96043 0.61753 0.91840 1.26200 0.72773
24 9452461-03 9.53900÷00 1.00000 0.96176 0.8171 0.92370 0.24600 0.74133
25 1.0061'-0l 9.7%161#00 1.00000 0.98276 0.53738 0.92870 1.23000 0.75504
26 1.07s9'-2O 9.97117'00 1.00000 0.98141 0.84707 0.93370 1.21100 0.76848
17 1.1429-0I 1.01o '0+ol 1.00000 0.96479 0.58403 0.93110 1.20400 0.77832
28 1.2066"-02 1.03171+01 1.00000 0.98559 0.86234 0.94110 .09100 0.79018
29 1.2699"-02 1.0499"t03 1.00000 0.96601 0.67031 0.94500 .1.17900 0.80153
30 1.33360-02 1.0684*t03 1.00000 0.96753 0.8789 0.94880 1.167M0 0.81302
30 1.3970-02 1.09010*01 1.03000 0.90641 0.86761 0.95310 1.1S300 0.62663
32 1.4604.-02 1.3111s"40 1.00000 0.96972 0.69669 0.95740 1.14000 0.83982
33 1.51240-02 1.12971+01 1.00000 0.99064 0.90434 0.96090 1.12900 0.65112
34 1.5874*-02 1l1514"903 1.00000 0.99156 0.91336 0.96490 0.11600 0.664613
35 1.0511002 1.1735"+03 1.00000 0.99238 0.92246 0.96840 1.10300 0.87833
36 1.7145"-02 1.19460001 1.00000 0.99342 0.93015 0.97260 1.09100 0.69140
37 1?7?794-02 13.1630901 1.00000 0.99434 0.93908 0.97610 1.07900 0.90486
38 1.9415"-0l 1.23618"0l 1.00000 0.99515 0.94864 0.97940 1.06700 0.91837
39 1.9049'-02 3.25921+01 1.00000 0.99616 0.95697 0.98340 1.05600 0.93125
40 0.966"6'-O 1.2760"÷03 1.00000 0.99675 0.96437 0.98630 1,04600 0.90293
40 lO.0O"310 1.29792401 0.00000 0.99733 0.97866 0.989i0 1.03000 0.95483
42 l.0956'-02 1.3153'"01 1.00000 O.9983 0.97867 0.99200 1.02700 0.965992
43 a.,190-02 1.3176"+01 3 100000 0.99869 0.98363 0.99390 1.02100 0.97346
44 2•.2114-02 1.33731t01 1.00000 0.99679 0.98733 0.99520 1.01600 0.97953
45 R.20S10-02 1.34600+01 1,00000 0.99936 O.9O967 0.9Qob0 0.01200 0.98476
46 2.3491.-0G 1.3556'80+ 1.00000 0.99947 0.99443 0.99790 3.00700 0.99096
47 .41310"-02 1.3647"#01 l.00000 1.00004 0.99780 0.99930 1,00300 0.99631

0 46 9.476S'-02 1.37@5'tOi 1.00000 1.00000 0.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YOELTAU/UDOT#T0oP/PD



6401-(C-5

b4010601 CLUTTCR PROFILE T %BULATION A2 POINTS, DELTA AT POINT 42

1 Y PT2/P P/PD TO/TOO lHMO U/uO T/lD RHOIRHfu*U/UO

I 0.0000"+00 1.0000"+n0 1.00000 O.90qbq 0.00000 0.00000 3.01•20 0.0n000
2 1.2783"-04 P.02n7tO0) .0n0000 0.91026 0.35'27 0.54155 2.33670 0.21276
3 2.5356".00 2.99,4"t00 1.00000 0.91077 0.4071b 0.00126 2.18065 0.27572
,I 3.0138"-u4 %./447.0+00 I.onooo 0.91167 0.443A2 0.u392b Z.07462 0.30814
5 5.0711".04 3.78115"O00 1.00ono 0.91230 0.46912 0.u6387 2.00260 0.3315n
6 6.34'W"-0 4.0273"t00 1.00000 0.91300 0.4A6444 1.138007 1.954sq 0.34793
7 7.6•T6"-Oq 4.330"to0 1.n00000 0.9139q 0150063 0.6930? 1.qt657 0.36162
8 6,8A49"-04 4.'1060"tOI 1.00000 0.95157 0.51224 0.70357 1.88657 0.37290
9 1.01o3"-01 'I.5'4680+00 1.00000 0.t1662 0.5?162 0.71207 1.46356 0.38210

10 1.1420".07 4.6861"o00 1.00000 0.918?8 0.53045 0.72007 1.84255 0.39080
11 I.2699'-03 4.80786"00 1.00000 0.92133 0.53820 0.72757 1.82755 0.39811
12 1.9048"-03 5.31660+00 1.00000 0.93306 0.56931 0.75668 1.76653 0.42834
13 2.53q7"-03 5.7140•0OM 1.00000 0.94081 0.59ab8 0.77718 1.71952 0.45197
14 3.1747"-0U 6.0920"*00 1.00000 0.940bq 0.b1362 0.790428 1.67550 0.47405
15 3.0096"-U0 6.4171"+00 1.00000 0.94991 0.63125 0.8077S 1.63749 0.4Q330
16 1.4'1'16.0-• 6.7506"t00 1.0n000 0.95298 0.60883 0.02053 1.59908 0.51303
17 5.0794"-03 7.0719"+00 1.00000 0.15580 0.66533 0.03213 1.5b047 0.53193
18 5.7144"-03 7.400qlt00 1.00000 0.95868 0.o8nzO 0.84368 1.52906 0.5%162
19 b.399".-03 7.7300"#00 1.00000 0.96122 0.69787 0.85399 1.14474% 0.57029
20 6.98043-03 8.0b600+00 1.00000 0.96303 0.71363 0.86349 1.4b540 0.58951
21 7.6192'-03 8.3871"#00 1.00000 0.96577 0.72890 0.873Z9 1.03SA3 0.60838
22 8.2542'-Ol A.7759"+00 1.00000 0.96051 0.740664 0.80389 2.40142 0.63071
23 8.089V•-03 Q.231$+480 1.00400 0.97256 0.76700 0.89559 ,.3630t 0.65688
24 9.5240*-03 9.57682100 1600000 0.97384 0.78289 0.90389 1.13640 0.67636
25 1.0119"-02 1.f03b*+02 1.00000 0.97647 0.80146 0.91429 1.30139 0.7025S
26 1.0796"-02 1.0439"+01 1.00000 0.97874. 0.68187 0.9aa89 1.27238 4.72533
27 1.14311-02 1.0842"+0l 1.00000 0.98077 0,83459 0.93099 1.20437 0.74816
28 1.20o6"-02 1.12aQ9," 1.00000 0.98310 0.852•2 0.93979 1.21,36 0.77390
a9 2.2701"-O2 1.0699"ol0 1.00000 0.98526 0.8684• 0.94709 1.18936 0.74631
30 1.3336"-02 1.20974"01 1.00000 0.98717 0.88373 0.95400 1.16535 0.81863
31 1.3971"-02 1.2414001 1.00000 0.98875 0.09674 0.9s970 I.tos3a 0.83791
32 1.4606*-02 1.2790"$Ol 1.00000 0.94020 0.90986 0.96520 1.1?530 0.85770
33 1.5240q-02 1.3074."0L 1.00000 0.992s5 0.92026 0.96960 1.11033 0.87325
34 I.5576'-02 .3301*'t0O 1.00000 0.99250 0.91801 0.97300 1.09833 0.585S9
3S 1.6510"-02 1.3531*#0I 1.00000 0.99337 0.93670 0.97630 1.08633 0.89872
36 1.7145"-02 1.3763"M01 1.00000 0.99411 0.94501 0.97950 1.07432 0.91174
37 1.7780"-02 I.3S65"sO0 1.00000 0.99492 0.9s215 0.98230 1.06432 0.92294
30 1.8015"-02 1.0192"402 1.00000 0.99586 O.qbOi4 0.98540 1.01332 0.93SS2
39 1.9030"-02 l.4504"M+O 1.00000 0.99112 0.97117 0.9A960 1.03831 0,95308

0 l.96b8'-Oa 1.4830"*01 1.00000 0.99813 0.98222 0.99460 1.02331 0.97M97
01 9.0320"-02 1.5167"M0 1.00000 0.99944 0.99368 0.99780 1.00830 0.98958

0 42 2.095S"-02 1.13W+"÷01 1.00000 1.00000 1.00000 1.00000 2.00000 1.00000

INPUT VA41A0LES Y/DELTAU/UUT/YDpP/PD

SI*• • i l i lH I l/ l l ij I / I / |:



6401 -('-t

64060002 CLUTTLR PROFILE TABULATIOrJ 46 POUINTS, DELTA AT POINT 46

1 y PT2/P P/PD TO/TOO Il/I.D U/UD T/TO PHO/RHOD*U/UO

I O.OouOiJ.0 1.000"to00 1.33700 0.91003 0.00000 0.00000 2.85500 0.00000
2 1.2bB7*-04 I.SqW5,600 1.3300 0.91455 0.30667 0.47400 2.36900 0.26488
3 2.5375?-O0 2.40071+00 1.33300 0.91841 0.36616 0.54020 2.23900 0.32637
4 3.0062W-04 2.83871"0o 1.31100 0.92559 0.40939 0.59060 2.13800 0.372•6
5 5,074q"-0O 3.3961+00 1.32901 0.92440 0.43a08 o.62620 2.06200 0.40360
6 b.343b"-04 3.40u+00 1.32700 0.92685 0.46010 0.65100 2.00200 0.43151
7 7.) 24"-04 3.63115"t00 1.32500 0.92928 0.47,09 0.66720 1.96400 0.45012
8 8.4811"-04 3.813,e"00 1.32300 0.93104 0.49007 0.o8100 1.93100 0.46658
9 1.0150'-03 3.n745"'00 1.32100 0.93337 0.5020Y 0.69260 1.90300 n.48078

10 1.1414"-03 4.1211"0oo 1.31900 0.93593 0,51272 0.70300 1.A6000 0.49322
11 1.27110-01 q.2576"'00 1.31700 0.93769 0,12242 0.7?2t0 1.85800 0.50476
12 1.9054"-03 4.0434'+00 1030800 0,94462 0.56207 0.74760 1.76900 0.55278
1I 2.5398"-03 5.4380"00 1.29900 0.94967 0.59381 0.77400 1.69900 0.19178
14 1.1742"-03 .8051"o00 1.29000 0.95440 0.62157 O.79600 t.64000 0.62612
15 3.8109"-03 b.,3651+00 1.28100 0.95523 0.04643 0.81460 1.58600 0.65712
16 4.4453"-03 6.62S71#00 1.27200 0.96157 0.06805 0.83010 1.54,9 0 0.63436
1? 5.079-03 7.0167"tO00 1.26300 0.96462 0.68907 0.04450 9.S0200 0.71012
18 S.?140"-03 7.4024'#00 1.24O00 0.96761 0.70119 0.85780 1646300 0.73526
19 6.3507*-03 7.7960"+00 1.24400 0.97033 0.72914 0.870410 1.42500 0.71984
20 .965il-03 8.2030"*00 1.23900 0.97321 0.74924 0.68270 1.38800 0.78140
21 7.6114"-03 8.6083"000 1.22600 0.97567 0.76867 0.89S110 1.35300 0.81017
22 G.2Su1"03 9.023tO"00 1.21700 0.97511 0.75809 0.90510 1.31900 0.311|0
2) 8.80WV-03 9.4681"f00 1.20800 0.96088 0.80838 0.91600 1.28400 0.86178
24 9.5249"-03 qo.7?VtO0 1.19900 0.98311 0.82635 0.92540 1.25460 0.88481
IS 1.0159"-02 I.ta 10 601 1.19000 0.985W7 0.84424 0.93440 1.22%00 0.90770
?o 1.07906"-02 1.70o;to 1.18100 0.90731 0.56309 0.94350 1.19500 0.93245
27 ,.1410-02 .to069lt02 1.17900 0.9924 0.877'52 0.95040 1.•300 0.94909
a8 1.20W1"-02 t.1452"Ot, 1.16300 0.99082 0.69326 0.957s0 1.14960 Q.96917
29 1.26940-02 1.1tl6"f01 1.15400 0.99215 0.90797 0.96J90 1.12100 0.90699
30 1.3136"-02 1.2I30*tOl 1.14500 0.993s6 0.92043 0.96930 16|0900 1.00077
3U 1.3970*-02 12.472"f01 i.13600 0.94505 0.03385 0.97500 1.09000 1.02615
32 .4604*-02 .?2783•tol 1.12700 0.99602 0.94586 0.97900 1.07300 1.01911
33 1.234"'-oz 1.3011"*0O 1.21800 0.99685 0.95462 0.90330 1.06i00 1.01613
14 1.5761-02 1.322,2*01 1.10900 0.94753 0.96263 0.98640 1.05000 1.041$3
SS J.6010"-Of 1.3312"M01 .10000 0.990821 0.96867 0.96880 1.64900 1.04304
$b I.144"-D.0 1.34420401 1.01000 0.99833 0.97065 0.98960 1.03000 1.03913
37 i.77l1=-02 t.34o0"*01 1.08000 0.99833 0.97005 0.98960 1.03900 1.0101o
38 1.041V-01 1.33*7s0O 1.07300 0.99803 0.96923 0.948090 1.04100 1.01930
39 1.9050*-02 1.144,•0"• 1.06300 0.9#783 0.97122 0.98950 1.03800 1.00133
40 1.9664"-02 1.3529"M0 1.0400 0.99009 0.97T48 0.99060 1.03400 1.00976
o1 2.032*,-•0* .360o41 01 1,04500 0.99844 0.9772• 0.99180 1.03000 2.00•24
42 2.0951'-02 1.3731=041 1.03(00 0.99869 0.90169 0.99340 1.01400 1.00504
43 2.15s00-02 1.30I5SI01 1.01700 0.99908 0.98626 0.94510 1.01800 1.00390
44 1.?224*-02 .3970+,01 1.01$00 0.99914 0.99077 0.99670 1.01200 1.0026k
45 2.41460-02 .4104".tOl 1.00900 0.99973 0.99542 0.04840 1.00000 1.00110

0 46 2.34W102 1.4230"01 1200000 1.00000 2.00000 1.00000 1.00000 2.00000

INPUT VA2IAIOLC8 YV/0LT&,U/UU*M1T0TP/P0



640 1-('-7

640Ob0o3 CLUTTER PHOFILE TABULATION 39 POINTS, DELTA AT PIINT 39

I y P12/P P/PD TO/TOD M/MO U/UI TWiT RHO/RIOO1*'/UD

I 0.0000"foo 1.oo00+0O 1.22700 0.90839 0.00000 0.00000 2.76528 0.00000
a I.7VW-04 2.5610*400 1.225n0 0.91053 0.3jqo3 0.5bgo0 2.t10el 0.33025
3 2.5336"-00J 3.53?9'+)(1 1.22300 0.91213 0.47938 O.b•agO 1.81qiq 0.42b55
4 3.8100"-04 1.9336"+0O 1.2?200 0.91411 0.51027 0a0770 1.61018 0.46271
5 5.0R8"-Ou 4.1a86*00f 1.22000 0.91581 0.53869 0.70420 1.77018 0.408424
6 b.343b"-00 4.34•2•*0U 1.21100 0.41741 0.54024 0.71'150 1.74917 0.49794
7 7.0200"-0'L 1J.'Jfnl""00 1.21700 0.91924 0.54997 0.71320 1.72917 0.50699
0 8.89b3"-09 4.6102"400 1.21600 0.92114 0.55697 0.73120 1.71117 u.51961
9 1.0l54"-03 4.7390"*00 1.21r00 0.92299 0.567t3 0.73840 1.69517 0.52881

to 1.1430"-03 40483"400 1.21300 0.92450 0.57508 0.74520 1.67917 0.53532
11 1.2?06"-03 0.9558"+00 1.21100 0.9265b OS5220 0.75150 1.66617 0.54620
12 1.9050"-03 S.4593'+00 1.20400 0.930S2 0.61441 0.77940 1.b•016 0.18316
03 E.5394"-03 3.9044"+00 1.19600 0.94769 0.60181 0.50320 1.56616 0.61337
t4 3.1756"-03 6.1298's00 I.15900 0.95639 0.66636 0.52320 1.52615 0.64134
15 3.0t00"-03 6.7426*+00 1.18100 0.96146 0.68959 0.B4010 1.08015 0.66850
tIb .4440"-03 7.13814"00 1.17400 0.96550 0.7111S 0.85490 1.44514 0.69450
17 5.0806".03 7.5048*+00 1.I#100 0.96925 0.73052 0.86780 1.41110 0.71705
Is 5.1!;0.-03 7.8690qs0o 1.1900 0.97157 0474929 0.87930 1.37714 0.74002
19 b.3494"-03 8.25194+0•) 1.15100 0.97452 0.76844 0.B9090 1.30413 0.76289
40 b.18561-03 8.62761+00 1.14300 0.97664 0.78092 0.90140 1.31213 0.78521
21 7.b200o-O 9.00%55,00 1.13600 0.97901 0.80499 0.91150 1.28213 0.80761
22 b.2544*"03 9.'lh66"+00 1.12600 0.98170 0.82420 0.921, o 1.25113 0.83117
23 5.8900"-03 9.A429"+00 1.12100 0.98397 0.81366 0.93190 1.22012 0.85619
24 9.5250"-03 1.0310+0 1.11300 0.986SQ 0.06449 0.94230 1.18812 0.88272
is l.0139"-02 1.076o1+01 1.10600 0.98895 0.88520 0.95220 1.157t1 0.91014
2. I.0796"-02 .12170"+01 1.09800 0.99115 0.90576 0.96160 1.1271t 0.93676
27 1.1430"-0? 1.1?7T*01 1.09100 0.99301 0.92270 0.96910 1.1031 0.95584b
a8 I.2bO4".02 1.204I0"+Ot 1.08300 0.99473 0.93195 0.97570 1.08211 0.97650
29 1.2701"-02 1.238,'eo0 1.07500 0.99o18 0095128 0.98130 1.06411 0.99135
30 1.333s"-02 1.2o604+01 1.06800 0.99706b 0.96235 0.98570 1.04q1O 1.00305
31 l.Sq9t9"-02 l.2855'"01 1.06000 0.99789 0.97002 0.99880 1.03010 1.00868
32 1.4606"-0? 1.30310#01 1.05300 0.99552 0.97691 0.99150 1.03010 1.01354
33 l.5240'-•02 l.3l14.•01 1.04s00 0.99882 0.98144 0.99320 1.0410 1.01347
34 I.874"-02 1.3214601 1.03000 0.99904 0.95523 0.99460 1.01910 1.01304
35 l.051*i-02 1.3324t1Ot 1.03000 0.9q920 0.988i7 0.99170 1.01,5O 1.01031
36 171145*-02 1.34014001 1.02300 0.4936 0.99131 0.99680 1.0itO 1.00853
37 1.7779"-02 1.4?1t+O 1.01500 0.99984 0.99388 0 99790 1.00810 1.00473
38 1.5416'02 1.3549"*01 1.00800 0.99957 0.99686 0.90840 1.00410 1.00278

0 39 1.Q0500-02 1.36310+01 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

I11PUT VARIAULES Y/DELTAMU/UDT.TOMPIPD



640 1-('-M

64010604 CLUTTER PkDFILE TABULATION 32 POINTS, DELTA AT POINT 32

1 y PT2/P P/pD TO/TOD ri/;4rn U/U!) TlTr RHO/PIIOL)*U/UD

1 0.001)0"+00 1.0000"+00 1.151000 0.90b54 0.00000 0.00000 2.t.1208 0.00000
2 1.2706"-04 2.2256".00 1.15000 0.91142 0.37011 0.53.481 a.oflmo0 0.29455
3 2.5413"-00 3.0713"*00 1.14900 0.915A8 0.45852 0.63053 I.t19100 0.38312
0 3.a8119"-04 1.7112"+00 1.14700 ).91959 0.51571 O.tj413 1.76600 0.44512

S .82-L1 02263-+00 1.1at600 0.92323 0.55462 0.71994 1.68500 0.00965
6 6.353.?34 4.5100"+00 1.14500 0.92615 0.57o03 0.73815 1.butOOO 0.54S55

7 7.0238*-00 4.7071"+.00 1.14300 0.92932 0.S0956 0.753015 1.61400 0.52960
a8 .8944"-04 0.8b642'.00 1.10200 0.93200 0.60056 0.7S9'65 1.fou00 0.514220
9 1.O0bs*-03 5.0013'*00 1.14100 0.91517 0.00999 0.701135 1.505no 0.552033
10 1.1436*-03 5.1249"+00 1.14000 0.93746 0.61336 0.77506 1.57100 0.56242
11 1.2706*-v3 5.2S63"*00 1.13800 0.93991 0.62595 0.7015ob 2.55900 0.570S0
12 1.9045"-U3 5.7581*+60 1.13200 0.94917 0.6595S 0.80886 1.50400 0.60800
13 2.5398*-03 6.?2to8'.00 1.12500 0.915M5 0.6M882 0.8309? 1.45700 0.6411be
14 3.1751*-)3 6.68161+00 1.11300 0.96381 0.71S29 0.89007 1.141510 0.67228
15 S.8104"-03 7.1105"+00 1.11200 0.96878 0.71995 0.86767 1.37500 0.701711
16 d.14443"-03 7.%lh2l+00 l.1(1500 0.97251 0.7621k 0.89088 1.3390 0.7277a
17 5.0796"-03 7.8954'+00 1.0q990 0.97533 0.782440 0.891415 1.30600 0.75205
18 5.7149"-03 8.30684+00 1.04200 0.97323 0.80392 0.906b8 1.27200 0.77838
19 6.3SW3-03 8.784a"DO0 1.08600 0.96110 0.82836 0.92018 1.234000 0.80982
210 6.95560-03 9.2i'tltl0t 1.07,700 0.95417 0.84q36 0.93151 1.20300 0.83556
21 7.6194*-Ol 9.74231+00 1.07200 0.98713 0.87466 0.94449 1.16600 0.86835
221 4.2SW7-03 1.02.'6"t01l 1.06600 0.99168 0.897?o 0.95549 1.13000 0.89820
23 8.6901"-03 l.0u?2"6fl1 1.0590 0.99187 u.917159 0.964qq 1.10600 0092399
24 9.5250-030 I.IO090~.0 1.05300 0.993A3 0.93622 0.97339 1.08100 0.90818
25 1.0101"-02 1.lo391+41 1.04600 0.9950'2 0.95150 0.96010 1.06100 0.96620
26 1.07W5.02 1.17'291t01 1.09300 0*

99
b08 0.96440 0.90qsq0 1.04400 1.0321?

*2? 1.1430"-0? 1.97.31#O 1.03300 0.99798 0.97443 0.900990 1.03200 0.990a6
a8 1.2065"-02 1.21'I21*01 1.02600 0.99861 0.98157 Q.9q260 1.02300 fl.99,571
29 1.2701"-02 1.2277"401 1.02000 0.99917 0.98723 0.99510 1.O1blo 0.99902
30 1.3334"-02 1.24l0f$0 1.01300 0.99973 0.99294 0.99740 0.00900 1.0013S

*31 1.3970*-02 1.;.5231+01 1.00700 0.99970 0.997S0 0.99900 1.00300 1.00298
0 32 1.4605'-02 1.2584"M0 1.00000 2.006000 1.00000 1.00000 1.001180 1.00000

VJPUT VAR1A0LE3 YV'DELTA,LIIUD,T/TD,P/PD

(.0010bo5 CLUTTLP PRCorlLE TABULATION 30 PO0013, DELTA AT PO'INT 30

I y PT?/P P/PD TO /TO') A/140 U /U!) T/TD RtiO/OHnDf*U/UD

1 0,0000,400 1.001a"+0f0 1.12000 0.90300 0.00000 0.00000 2.b3g?5 0.o0000
2 1.26W8-0'I 2.60142"#00 1.12200 0.90081 0.02039 0.58360 1.4?719 0.33977
3 2.5336"-04 S.0115"+00 1.12100 0.90tib1 0.09836 0.66080 1.75018 0.42132
di 3,8136-00 0.4110,*00 1.12000 0.90897 0.578q8 0.73010 1.5q016 0.5)023
S 5.0606"-04 0.93b5"+00 1.11900 0.91172 0.0)702 0.76000 1.51715 0.56055
6 o.3!475"-04 5.1596"+00 1.11800 0.91461, 0,b3205 0.77230 1.49115 0.57904

7 7,6041"-04 5.297ll.00 1.11740 0.11400 0.64140 0.78030 1.078tS 0.50965
8 8.0944"-04 5.'4275"+00 1.L1100 0.92177 0.65003 0.711790 1.4671% 0.59879
9 .0101"-03 S.5 .460+09 1.114000 0.92591 0.U5305 0705)0t 1.115142 0.b6700
1 0 1.1428"-y3 5.6571"+00 1.11300 0.933,4~ 0.06353 0.80310 1.11% 15 0.61365
11 i.26?3".03 1.7637"+00 1.11200 0.93883 0.67241 0.81000 1.05115 0.62070
12 i.9O5bll-os 6.2900"+00 1.16060 0.95627 0.70516 0.83880 1.4114 0.65603
t3 2.5403"-03 6,7008.+O0 1.10000 0.96561 0.71213 0.05900 1.37710 0,68b4
14 3.1750~-03 7.1717"+00 1.09400 0.97063 0.75762 0.87640 1.13313 0.71651
15 ).8090"-Os 7.5719'+00 1.06800 0.97395 0.17973 0.490)0 2.30313 U.14316
It. 4.4446'-33 6.0104#*00 1.06200 0.97132 0.80375 0.90440 1.26613 0.17288
I? 5.0806"-03 4.4172"#00 1.07700 0.96J02 0.32491 0.91640 1.23412 0.79973
15 5.71W0.-0 6.8405"+00 1.07100 0.96279 0.84067 0.92833 1.110112 0.82705
19 6.3113"-33 0.2768"#D0 1.06500 0.94512 0.86682 0.93940 1.11112 0.85473
20 6.98'09'.03 9.0683"to0 1.015100 0.98519 0.688604 0.95010l 1.14311 0.88019
21 7.61W6-03 1.00417"401 1.0wi3n0 0.990s1 0.90781 0.95950 1. 1701 0.;0441
22 8,15144-03 l.0077"+O1 2.047110 0.1926b 0.92595 0.96020 1. 93)1 0.q21?b
a3 8.$404"-03 1.06%10+01 1.04100 0.94437 0.9434) 0.97000 1.n7011 o.90905
24 9.S5252-01 1.11819"40 1.03500 0.99594 0,95802 0.7sa60 1.05210 0.90750
25 L.160g"-02 I.2416u"+01 1.02900 0.99759 0,97073 0.9A880 1.036)10 0.81133
26 I.O795-J2 l.66,01 20?000 0,998/43 0.98036 0.99220 1.02010 0.99200
27 :.L429"-02 1,1430"#01 1.01000 .981 0.98t.69 0.99460 1.0)610l 0.99606
48 Zobb6"-02 1.9li06*01i 1.01200 0.9911S 0.99170 0.99670 1.01010 0.99851
29 l.2700"-02 I.20603"011 1.00000 0.99991 0.99676 0.9908' 1."00)0 1.00069

0 10 1.3355"-0? 1.2116~0+0 1.00000 1.00000 1.00000 1.0400ou 1.00000 2.00000

INPUT VARIABLES Y/OELT A lJ/lD.T/rD# P/PD



640 1-(-

640110(12 CLUTTER PR~OFILE YAI3ULATIWJ4 35 POINTS, DELTA AT Pu~1jT 15

I y PT7)/P p /P0 T J/TOD M/M(n U/Ill) I/ If) RHO/RIIfll*LJ/UO

I 0.UO0001+00 1.0010Ol9 0.89990 U.goO6 0.100ni 0.00000 2.8511116I 0.30000
e~ 1.2713"~-041 3.A792"*00 0.9037o 0.35101 0.42"60 0.514530 1.91700 A1.27970
3 Ž.5'I.'5.-01 1.A0Qad"'l0 0.90150 0.ldb'77 0.49518 0.&hA0 I .799000 0.33011?
4 3.03136-04 'J.45993".0 0.9nZ20 0.87968 0.53551 0.71070 1.7110() 0.368A3
5 5.0A5l-00 &i.877o"tOO 0.90300 0.89,201 0 .563l 1 0.72770 1 .67100/ 0.3934A
1. 6.356-04 5.16153"+qQ 0.90380 U.90404 0.58133 0.7116SO 1.64900 0.40041
7 67.a276*-00 S.36w+900 0.90460 0.91212 0.59,108 0.7159410 1.63400 0.42041
8 80424"-04 5.S417"+00 0.96530 0.919SS 0.6047J 0.76940 1.62106 0.112998
9 1 1S0I5-03 S .704a".00 0.90610 0.924A02 0.614S9 0.77910 1 .6n700 0.031429

10 1.142s*-03 S.85891400 0.90090 0.92977 0.62339 0.79730 1.S9500 0.441765
It 1.26960-03 S.9941*0uo 0.90760 0.931157 0.63123 0.7Q470 1.58500 0.05506
12 1.9053*-03 b.w5105+00 0.q 50 0.911934 0.66075 0.82050 1.54200 0.48501
13 2.5392".03 6.9282"+0o 0.91530 0.956119 (I.b02qi 0.83750 1.50400 0.50968
14 3.1149*-03 7.268z*+00 0.91920 0.96094 0.70076 0.8r,020 1.47200 0.S3091
15 3.8100-03 7.54764+00 0.92300 0.96399 0.71510 0.8109D 1.44600 0.50-588
lb 4.444s*-03 7.AO?3*+00 0.92690 0.96591 0.72749 0.86803 1.42200 0.56S79
11' 5.0601*-03 6.063o4*00 0.93070 0.96768 0.74080 0.87590 1.399900 0.5A312
18 5.71580-03 6.3385"+00 0.93460 0.96978 0.75415 0.W0100 1.37440 0.60130
19 6.3417*-03 8.61177"+00 0.93840 0.97206 0.7688a 0.8"270 1.34800 0.62?1115
20 6.9854*-03 6.98q3"+00 0.94230 0.97415 0.78483 0.90170 1.3?000 0.611369
21 7.6194"-03 4.3746"+,00 0.94610 0.97664 0.802440 0.91140 1.29000 0.b6843
Z2 O.Z550'-03 9.80%7*+00 0.95000 0.97922 0.621h8 0.9?160 1.2SR00 0.b6959
23 $.8906-03 1.03110+01 0.95340 0.98214 0.814453 0.93320 1.22100 0.72898
24 9.5?qb"-03 t.oa7~"*01i 0.95770 0.98518 0.8076S 0.94450 1.18500 0.16333
25 l.01110*-0 1.14400+O1 0.96150 0.98777 0.889110 0.95460 1.15200 0.79074
26 1.0794"-02 I.19118*+01 0.96540 0.990g3 0.91127 0.96440 1.12000 0.83128
27 1.1430"-02 1.25001+0I 0.96920 0.99274 0.97297 0.97360 1.089o0 0.86650
28 l.2066'-01 .900 0.97310 0.qq19066 0.95104 0.991100 1.06400 0.897t9
29 1.26991-02 l.13391*4l 0.97690 0.99oV7) 0.9b693 0.98750 1.04360 0.92(m2
10 2.35 t4 .373310Il 0.90080 0.9978o 0.97965 0.99230 1.0?600 01.94858
31 l.3971"-02 14 0095q+O1  0.9a460 0.99931, 0.99077 0.9q670 1.01200 0.96971
32 l.4605'-02 1.11102'+A1 0.98850 0.IQ963 0.99611 0.99860 1.00500 0.90221p
33 1.5240'-02 t.42118i01 0.99230 0.99995 0.99850 0.99950 1.00200 0.98982
34 1.59704"-0? 1.'1289401 0.94620 1.30000 1.00000 1.00000 1.00000 V.99200

O 3IS .50"0 1.42890+01 1.00000 1.000n0 1.400000 1.00070 1.00000 1.00000

INIPUT VARI*ULLS Y/DELTA#1U/U0,T/TDPP/PD

641011002 CLUTTER PRnFILE TABULATION 35 POINTS, DELTA AT POINT 35;

I y P72/P P/PD TOMTD 1%/14D U/UD T/TO Rl40/RiiOD*U/UD

I 0.0000"i00 l.0000*4'00 0.861110 0.914179 0.00000 0.00000 2.90600 0.00000
2 1.2713*-04 3.1007*+00 0.862S0 0.86173 0.42890 0.Sqqs5, 1.95500o 0.26451
3 2.5423"-04 11.402S+400 0.86350 0.07L02 0.55433 0.71377 1.65800 0.37174
11 3.8134"-04 5.3160+00t 0.86460 0.U7969 0.58951 0.711357 1.59100 0.40408
5 S.0851"-04 5.6649.+90 0.86570 0.08809 0.60769 0.7sq99 1.591400 0.420066
11 6.33blo.04 s.8q9Sm+0u 0.86670 0.89397 0.02139 0.77180 1.54300 0.43356
7 i.oP76-011 6.0784"+00 0.86780 0.90401 0.o31614 0.7830S 1.53700 0.4U1213
a 6.86W11-041 6.2249"+00 0.86890 0.912113 0.60018 0.74233 1.53200 0.411941
9 1.0154"-03 6.38W0+00 0.86940 0.92053 0.64881 0.80148 1.52L600 0.95691
10 1.142S*.43 6.5l06*l00 0.87100 0.92690 0.65571 9.80868 1.52160 0.46309
It 1.2696*-03 6.6430+l00 0.87210 0.93314 0.662911 0.81598 1.51566 0.4b971
12 1.9053"-03 7.2170"+00 0.87740 0.95196 0.69323 0.642711 1.47800 0.50031
13 2.5392'-J) 7.6732*l)0 0.88270 0.95904 0.726110 0.859q39 1.03900 01.52716
14 3.17'144-03 6.0531'+00 0.88810 0.96325 0.73514 0.87169 1.40600 0.55060
15 3.8105'-03 8.353o4"+0 0.89340 0.96575 0.74061 0.880S9 1.38(000 0.57009
to 4.4'145*-03 6.63416*+00 0.89870 0.96765 0.7ba91 0.8fib39 1.35600 0.58879
17 S.0801"-01 6.9092"+00 0.90410 0.969A2 0.77b13 0.09609 1.33300 0.601777
18 5.7138*-03 9.l863*l00 0.90940 0.97172 0.788311 0.90299 1.31200 0.62590
19 6.34970-03 9.11612"+00 0t.91070 0.97356 0.80072 0.90979 1.29100 0.641461
20 6.9854*-03 9.1370"too 0.92000 0.97565 0.81?93 0.916419 1.27100 0.66339
at 7.61944-43 1.00160+01 0.92540 0.97742 0.82513 0.922999 1.25200 0.68869
22 6.21550'-03 I.0130"i01 0.93070 0.47913 0.63862 0.92969 1.22900 0.70004
a3 8.69 06*.OS 1.0738~0+0 0.43600 0.98163 0.85583 0.91829 1.202n0 0.73065
a0 9.52460-01 1.11970+01 0.941410 0.90026 0.87415 0.94739 1.17300 0.76034
25 I.0160.02Z 1.1613*#O1 0.114670 0.98670 0.89159 O.53 1.145800 0.78779
al. 1.07144-02 1.210'3"+01 0.9SzQ0 0.148917 0.91k68 0.96460 1.11700 0.82211
27 1.1030*-02 1.2585i0+0 0.95740 0.99141' 0.92913 0.97200 1.09300 0.85141
28 1.2066".02 t.3038"+01 0.96270 0.99438 0.91lbq7 0.97910 1.06400 0.88114
29 1.2699"-02 1.343 5M4+01  0.96800 0.99516 0.9b102 0.98550 1.04900 0.90903
30 1.3135"-02 1.3740'+t1 0.97330 0.99639 0.97309 0.98950 1.034100 0.93142
31 1.3971*-02 I.4015"M1 0.97070 0.99759 0.95313 0.99340 1.021n0 0,9S224
32 1.460s--02 1.4153"+01 0.98000 0.999257 0.98812 0.90580o 1.01500 0.96510
33 I.S2404-02 1.42590+01 0.90910 0.99091 0.90105 0.q~969 1.02000 0.97647
34 1.5574"-02 I37*1 0.99470 0.99952 0.99(*01 0.90850 1.00500 0.98827

0 35 1.4%100-02 1.41480+01 2.00000 1,00000 1.110000 1.00000 1.00000 1,00000

INPUT VA#1A63LCS Y/DELTApU/UIIT/T0,P/PD



64010003 CLUTTER PROFILE TABULA71ON 3S POINTS, DELTA AT POINT 35

1 Y PT2/P PlPD TO/TOD 14/MO WUi T/TDj RHO/ RHOD *U/LJO

1 0.0000*+00 1.00001+00 0.93290 0,90942 0.00000 0.00000 3.10831 0.00000
2 1.2713'-04 3.78S50t00 0.933140 0.9Z2273 0.145874 V.66323 2.090?1 0.29617
3 2.5425'-04 S.40q6"+O0 0.93380 0.93471 0.56208 0.7564'i 1.0111A 0.39001
4 3.8138"-04 6.0630~*+0 0.931130 0.94I56h 0.59547 0.7A76b 1.73217 0.42445
5 S.0651'-04 6.46?01+00 0.93480 0.95525 0.61962 0.80626 1.69317 0O.LI~J~
6 6.3So3*-04 6.7793"#00 0.93530 0.96102 0.(3359a 0.819MA6 1.6&217 0.461341
7 7.6276"-04 7.07960*00 0.93570 0.96601 0.6S097 0.832t7 1.63416 0.470q9
a 6.4624N.0d0 7.34960*00 0.93820 0.97302 0.661421 0.84297 1.60916 0.49020
9 I.O1SE.-03 7.S0411t00 0.93670 0.97730 0.67549 0.85127 1.58816 0.50206
10 1.142S'-03 7.8163'+00 0.93720 0.98096 0.68648 0.85937 1.56716 0.51395
11 1.2696"-03 8.02i&'M0 0.93760 0.98049 0.696214 0.86657 1.S491S 0.52448
12 1.9053'-03 8.8999*+00 0.914000 0.997is 0.735456 0.49398 1.47715 0.58809
13 2.5392'-QS 9.56930+00 0.914240 1.00517 0.76429 0.91208 1.42414 0.60355
14 3.1749*-03 1.00811+01 0.94470 1.01138 0.785834 0.92519 1.38714 0.83009
15 3.8101*.03 t.0486"+0I 0.94710 1.01526 0.60195 0.93459 I.3581o 0.65174
18 4.444S"-03 1.0861"+00 0.94940 1.01886 0.G8a06 0.9A259 1.33413 0.67071
17 5.0801.-OS 1.11614*+0 0.91160 1.02056 0.52ab9 0.94889 1.3(11( 0.68844
18 5$.7158'-03 1.t492'"-01 0.95420 1.02108 0'.54132 0.95409 1.287t3 0.70760
19 6.34970-03 1.M80+'01 0.9850i 1.0?103 0.85332 0.95979 1.265(3 0.72S65
20 6.9854'-O3 1.21300+01 0.95890 1.02066 0.06539 0.96409 1110112 0.70406
21 7.6194"-03 1.24661*01 0.96120 1.01783 0.87777 0.967'59 1.20502 0.76540
ad'. 8.25'30'-QS 1.26813"t01 0.96360 1.01092 0.89293 0.97269 1.167t? 0.78970
23 8.6906*-03 1.323!0+01 0.96600 1.01584 0.90551 0.97700 1.16412 0.81072
RAI 9.52460-03 1.3600+401 0.96630 (.O1592 0.91859 0.9A170 1.14211 0.83230
as 1.01600-02 1.39620+fl1 0497070 1.01449 0.93097 0.90530 1.12011 0.89387
26 1.07940..02 1.4339*+01 0.97310 1.01356 0.94349 0.98910 1.09401 0.87650
27 I.1430*-02 1.4612"401 0.97540 1.0130S 0.95314 0.991t50 1.06211 0.80373
28 1.20660-02 1.o935*f01 0.97890 1.00085 0.46398 0.99440 1.06411 0.9147T
29 1.2699*-02 1.S2421+01 0.96120 1.01026 0.97414 0.99730 1.04810 0.93364
30 1.3339*-02 1.8902"+01 0.98360 1.00856 0,98219 0.9490D 1.03410 0.9s021
31 1.3971*.02 I.5e6o.+61 0.'48590 1.00676 0.98865 1.00000 1.02310 0.96364
32N 1.46050-02 (.i8(01+01 0.98870 1.00470 0.99273 1.00020 1.0(500 0.97419
33 1.5240*-02 1.58981#01 0.99W0 1.00280 0.995S8 1.00010 1.00910 0.90414
314 1.56?4'.02 1.5978'*01 0.99510 1.00148 0.906818 1.00020 1.0014(0 0.99103

D 35 1.6510*-02 1.6036.+91 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VAR0A11LS Y/OELIAU/UQ#T/TDP/PD

44010004 CLUTTER PROFILE TABULATION 35 POINTS, DELTA AT POINT 35

I y P72/P P/PD TO/TDO M/110, M/ID T oTD1 RHO/PHODaUIUD

1 0.00001+00 1.006o 0.99140 0.90601 0.00000 0.00000 3.13131 0.00000

2 1.2713*-04 3.1517"+00 0.99140 0.90106 0.41580 0.01464 2.1852? 0.27886
3 2.54l51-04 4.12620+00 0.99160o 0.907(5 0.51736 0.71147 I.89119 0.37297
4 s.8(3s*.04 S.S183040O 0.99140 0.91242 0.563(41 0.75028 1.77010 0.42020
5S .06510-0u 6,0346400o 0.94100 0.91774 0.59278 0.7733a 1.70217 o.ouq~J
6 6.3SbS'.04 6.37761+00 0.99140 0.92323 0.61064 0.18790 1.b668( 0.46904
7 7.627h1-04 6.66790+00 0.99140 0.12060 0.62557 0.80018 1.636(6 0.484"5
B 8,8624*-09 6.9300'+00 0.49140 0.93297 0.63880 0.810se 1.6(016 0.41909

10 1.1425*.03 7.4392*#00 0.99140 0.94098 0.66358 0.82938 1.86216 0.52636
9t 1.26964'-03 7.(894400 0.99140 0.93497 0.88152 0.82728 1.5421S 0.5(30S

13 .S392"-03 9.5266o+00 0.99160 o.q4679 0.73o03 .).891617 1.18814 0.03684
14 3.1749"-03 1.0198"*0( 0.99140 0.97319 0.70447 0.90779 1.339(3 0.67208
15 3.8105*-03 1.07021+01 0.99140 0.97734 0.80456 0.9(879 1.30403 0.b6967
16 4.01(45*.03 1.11S7'toI 0.9914D 0.960(7 0.82W2 0.92170 1.2733 0.7248

F17 !.0801*-o3 1.1535'*01 0.99140 0.9$220 0.63673 0.93479 1.241412 0.74M8
16 5.7158*-03 I.t&13'+Ol 0.90140 0.9635S 0.84945 0.940si 1.a2612 0.76053
09 6.3440?-03 1.21930+01 0.991(o 0,98487 0.86129 0.94581 1.20612 0.77750
1 0 6.96341-03 162S121+0I 0.992,10 0.98638 0.67292 0.95110 1.187(2 0.79029
11 7.6194"-03 1.0263"+01 0.99100 0.98781 0.806415 0.95600 1.169(2 0.81068
22 6.2590*-03 1.3194'+01 0004140 0.98922 0.89734 0.96150 1.14811 0.03025
23 8.51006"-03 i.3523*+1 ;).99140 0.9904S 0,90608 0.96620 1.13011 0.84760

24 .5246"-03 1.44918+01 0.99140 0.99314 0.92949 0.97170 1.10811 0.689085
27 1.0140".02 l.o718o.01 o.q9940 0.99508 0,9107S 0.98230 140971t 0.90040
26 1.0794P-02 1.44960+01 4099190 0.199301 0.96949 0.96920 1.08111 0.83054
19 1.24300-02 1.847,00+01 10.9140 0.99726 0097002 0.90820 1.03691 0.94780
30 1.2066'-02 I.SIIO"+01 0.99140 V.99630 0.97961 0.98930 1.0271(0 0.98993

31 1.31710-02 1.58400+01 0.99400 04ei4844 0.96631 0.99820 1.0(60t 0.97164
32 1.14805-02 1.59611#01 0.99320 ý.94486 0.99042 0.99600 1.0(2(0 0.9800(
33 1.S240*-02 1.6449"+01 0.99640 0.99936 0.9t45 0.99810 1.06710 0,008749
34 1.54740-02 0.69t,+01 0,99820 0.99976 0.94635 0.99940 1.00210 0.99581

0 3S i.6510602 1.610*4901 1.00000 0.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARRAKILS YJ'OELTA#U/UD#T/TV#P/PD



€,401-('-I1

64011005 CLUTTER PROFILE TABULATION; 03 POINTSt DELTA AT POINT 43

I Y PT?/P P/PD TO/TOD M/HD U/U0 T/70 RHO/RHOD*U/UD

I 0.0000"+00 1.0000,100 1.00000 0.91229 0.00000 0.00000 3.0200 0.00000
& 1.2738"-04 2.5503"+00 1.00000 0.86764 0.36bR| 0.50320 2.193, 0 0.2?770
3 2.5476"-04 3.4743"+00 1.00000 0.87676 0.Q363 0o.b28A0 I.qqIo 0.315A2
4 3.7994-04 40.7010"+0 1.00000 0.085q3 0.9b00 0.b7850 1.87M00 0.36264
5 5.0736"°D0l 4.60?1"+00 1.00000 0.89411 0.52477 0.70b00 1.•1000 0.34006
6 b. 375-:04 4q713:tO0 1.00000 0.q0278 0.50850 0.72850 1.76400 0.01298
7 7.6213Q-04 5.2971÷0O 1.:00000 0.90984 0.56782 0.74620 1.72780 0.43208
8 8.8951 -04 5.59Q9.+00 1.00000 0.91612 0.58556 0.76190 1.60310 0. 5003
9 1.0169'-03 5.8736'+00 1.00000 0.92134 0.60113 0.77520 1.66300 0.46615
10 1.14210-03 6.1165"+00 1.00006 0.92623 0.61461 0.70660 1,63800 0.08022
11 1.2695"-03 6.345"+00 1.00000 0.93057 0.62699 0.79600 1.61500 0.49337
12 1.9002-03 7.2940o"+00 1.00000 0.94565 0.07612 0.83440 1.52300 0.54787
13 2.5390"-03 8.074,12"00 1.00000 0.95675 0.71387 0.86110 1.5500 0.50182
14 3.1759"-03 8.7T5I*+00 1.00000 0.96443 0.71510 0,80030 1.39900 0.62995
15 3.8106"-03 9.3422"+00 1.08000 0.97098 0.77130 0.897%0 1.35460 0.66285
16 4d4,050*-03 9.4422*100 1.00000 0.96869 0.79279 0,90670 1.300800 0.69320
17 5.0801*-03 1.0292"+0l 1.00000 0.97803 0.81160 0.91970 1.24840 0.71628
18 5.71•9'.03 1.07071+01 1.00000 0.9MO3 0.88264 0.92810 1.25500 O.T3968
19 6.34961-03 1.1077"÷01 0.00000 0.98221 0.80351 0.93550 1.23060 0.76057
20 6.984"-03 1.1399*+01 1.00000 0.963•4 0.65626 0.94150 0.2098O 0.77874
21 7.619,t-03 1.170a"+01 1.00000 0.98552 0.86830 0.94720 1.19000 0.79597
22 M.25b0o-03 1.20331+01 1.00000 0.96679 0.86077 0.9S270 t.17000 0.81427
23 8.8908"-03 1.2307"÷01 1.00000 0.98510 0.89114 0.95730 1.1S400 0.82955
24 9.5255"-03 1.2573"÷0l 0.00000 0.98907 0.90111 0.96170 1.13900 0.84434
25 1.0160,-02 1.28921+01 1,00000 0.99064 0.91294 0.96660 1.12100 0.86227S26 1.0795"-02 1.32644+01 1.00000 0.99218 0.92650 0.97220 1.10100 0.88302
27 1.1403'-02 1.36344Ol 1.00000 0.99380 0.93983 0.97760 1.08200 0.90351
28 1.2060'-02 1.3913"+01 1.00000 0.99492 0.949714 0.981S0 L.06800 0.Vl901
29 1.2699"-02 1.005o"÷O| 1.00000 0.99569 0.95823 0.98470 1.0560• 0.93208
30 1.3334"-02 1.4360"÷Ol 1.00000 0.99639 0.96544 0.95740 1.00600 0.90398
31 1.3971"-02 1.4%5W2#40 1.00000 0.99713 0.97208 0.98990 1.01700 0.90S58
32 1.4606'-02 1.4702"÷0I 1.00000 0.99765 0.97725 0.99180 1.03000 0.96291
33 1.5240"-02 t.48010'÷O 1.00000 0.99022 0.98111 0.99330 1.02500 0.96907

34 1.58754-02 1.0965"+0I 1.00000 0.99860 0.98626 0.99510 1.01600 0.97750
i 5 1.LS00I-02 1.50780+01 1.00000 0.99904 0.99009 0.99650 1.00300 0.98371
3b 1.7145"-0D 1.3145"M01 1.00000 0.99925 0.99235 0.99730 1.01060 0.98743

37 1.7779"-02 I.5I714÷01 1.00000 0.99950 0.99324 0.99710 1.00900 0.9888030 1.6414-O1 1,52124+01 1,00000 0.99946 0.99462 0.99610 1.00700 0.99LI6
39 1,9051O-02 1.52381*0i 1.00000 0.99972 0.99552 0.99650 1.00600 0,99254
40 1.9686"-02 |,5aa0"+0| 1.00000 0.99967 0.99691 0.99890 1.O0000 0.99•qq

41 2.03210-02 1.53090+01 1.00000 1.00007 0.99790 0.99940 1.00300 0.99641
42 2,09SS"-D2 l.s3s|"+0| 1.00000 1.00002 0.99930 0.99960 I.00|00 0,9qaAO

D 43 2,1590*-02 1.53721+01 1,00000 1.00000 1.O0000 1.00000 iO000OO 1.00000

' INPUT VARIAOLL$ Y/DELT&tU/UD,T/TD#P/PD
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Qxisyrnretric
M- :6 6501
R THETA X 10-3 : 2 - 15

TW/TR : 1 ZPG - AW

Windtunnel: blow-down but effectively continuous, running time up to 45 minutes with 10 minutes settling

time. W • 0.51, H - 0.52 m. PO : 3.6 MN/im 2  TO : 480 K. Air, Dow point 186 K. RE/m X 10-6 : 33.

ADCOCK J.B., PETERSON J.B. and McPEE 0.1. 1966. Experimentil investigation of a turbulent boundary layer

at Mach 6, high Reynolds' numbers, and zero heat transfer. NASA TN D-2907.
And Peterson JB. private communication. Also: Samuels, Peterson and Adcock (1967) CAT 6701.

"1 The test boundary layer was formed on the exterior of a hollow cylindrical model. The leading edge (X * 0)

was chamfered at 150 from the outer, test surface (D - 152.4 mm) to the hollow interior (0 a 127 me).

From X a 0 to X a 1,07 m the diameter was constant, The model then flared out at 200 to a diameter of
203 mm which remained constant to the end of the model at X - 1,22 m, The model was supported on the

"tunnel floor by two pairs of sloping supports at approximately X - 0.8 and 1.15 m. Measurements were made

on the top generator. The model surface roughness was less than 0.8 um, For this experiment the model was
2 not actively cooled. There was a slight increase in Mach number along the test surface (see section B)

S3 but departures from the mean gradient were no greater than 0.33 %. A boundary layer trip could be placed
at X - 29 mm, This consisted of 1.9 mm diameter rods 0.64 mm high spaced round the periphery at intervals
of about 6.4 mm. Schlieren photoqraphs were taken in order to show the boundary layer development for both

5 natural and forced transition. After final alignment, the incidence determined from the static pressure

distribution around the circumference was less than - 0,060 and the angle of yaw less than 0,100,

6 Stdtlc pressure holes (d • 1.02 mm) were located circumferentlally at intervals of 900 for X values

8 457, 660 end 864 mm, with an additional tapping on the top generator only at X - 254 Mns. Five swaged

copper-constantan themocouples were welded to the inner side of the outer surface of the modol at
7 X - 152, 366, 762 and 965 mm, The Pitot tube was a FPP (hi . 0.175, h2 * 0,076, b1 I 0.69, 1 a 12.7 mn)

8 and was carried by a traverse gear attached to the tunnel wall, Surveys were made at X w 127, 152, 203,
279, 838, 940 and 1016 me. At X - 838 rin a total temperature survey was made using a STP (d1 - approximately

0.51, 1 - 9.6 mm) containing a chroml-alumel thermocouple. This was directly calibrated over the greater

part of the test range, with an interpolation between the calibration and the free stream reading for the
upper unit Reynolds numbers.

9 Wall temperature is implicitly interpolated to the boundary layer traverse stations by the authors. The

au,,hors have taken the total temperature distribution, scaled on 6, to be the same for all values of X.
The value of 6 is defined by extrapolation to the free stream value of a near linear PT2 variation in
the outer part of the layer. The scaled TO variation has then been interpolated to the appropriate Y values

of the Pitot profiles, The static pressure has been assumed constant through the layer,

12 The editors have accepted the authors' intorpolations and prepared the tables using the given U/UD and

MIND data. with the assumption of zero normal Pressure gradient. The authors have calculated mean and
local wall sheer stress values from a longitudinal momentum balance. These have not been presented here.

13 The profiles prisented were all obtained with forced transition except for one (0201) at X • 279 mm for

which transition was natural. There is one duplicat* (0107 A). Except for 0105 the total temperature data
Is assumed. The wall temperatures have been determined by the editors from the original date used to
prepare the authors' graphical presentation of an "adiabatic recovery factor".

§ DATA: 6601 0101-0201. PItot profiles. One TO profile used for all test cases. NX - 7.

15 Editors' cg~mts

The entry describes the AW results obtained on the model also used, with a cooled wall, for Samuels at al. -
CAT 6701. The experimental range overlaps the results of Dnblerg - CAT 6702 and Fischer & Maddalon - CAT 7103.
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The profiles are given In moderately close detail. Some substantial corrrttions appear necessary close to
the wall for profiles 0106 and 0107. It must be emphasised that the TO profile is assumed for all profiles
except 0105. This siasured profile appears to agree closely with the Crocco / Van Driest temperature-
velocity correlation.

CAT 6S01 ADCOCK BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD * TM/TN REnW CP M2 HI2K PW PD
X * POO* PW/PD* RED20 C9 Nl HI329 TWI* TO
0Z * TOO* SW * D2 PI9* M42 02K UD TR

65010101 9.9S00 0.9875 3.63820+0l NM 18.SS46 1.4050 2.40430+03 2.4043+03
1.2700"-01 3.60601+06 1.0000 2.0924+03 NM 0.665k 1.0359 4.37781+02 6.03649+01
7.6200-0.2 4.67760+02 0.0000 6.0Z600-05 0.000ON4,0 -0.1333 IeMOPO-04 9.2687e0+ 4.433S30+

bsolOt50 S.9500 0.98645 S.1944+02 NM 17.2683 1.350 2.40430+03 2.4043",03
I o.S4'0o-0 3.40600406 1.0000 2.94W+03 NM 1.8656 1.8163 4.3433,0+ 5.99524+01
7.o•00•*02 4.8444*02 0.0000 q.B6051-05 0.00000+O0 -0.0923 2M750-oA 9.2370"÷0+ 4.4030"90+

* 65010103 5,qso0 0.9665 6.S2421+02 NM 17.6594 1.33M4 2.3S94+03 2.36590+03
2.03201-01 3.57644.06 1.0000 3.b970"*03 NM 1.6460 1.6176 4.3343'0+I 5.96864+01
7.4600*-02 4.83690+02 0.0000 1.23040-04 0.00000+00 -0.14O 9 3.243*-04 q.23171+01 4.3979"+02

65010104 5.9600 0.46% S.9251'0l NM 16s•4b 1.3007 2.37960+03 2.37960+03
2.7940e"-O 3.60604+06 1.0000 5.06774*03 NM 1.8603 1.8•0 4.33940*02 5.97716001
1.b0OO002 4.8440+02 0.0000 I.69Sj"-04 0.0000*+00 -0.0335 4.4360*-04 9.2309+02 4.4020+02

45010105 4,1000 0.9807 2.14A44.03 NM 15.90~0 '1.2545 2.23760#03 2.23760+03
.3610"-01 346060"+06 1.0000 1.3514,0• NM 1.8095 1.6121 4.3117*401 5%6467"T01

7.6200'.02 4.8363B90# 0.0000 4.2294-04 0.0000o'00 0.0348 1.1458".03 9.k440•,02 4.39674#02

45010106 6,0200 0.7946 2.17W#'.03 NM L6.1528 1.2546 2.93764#03 2.2376N+03
9.3960"-01 3.60600#06 1.0000 1.25390#04 NM 1.511 1.0120 4.1672"M01 5.83971+01
7.6200'.02 4.S1b70802 0.0000 4.2641"-04 0.00001#00 0.0037 1.1537"-03 9.2371+02 4.37691+02

65010101 6.0100 0.0749 2.31770+03 NM L1.9bO 1.2397 2.04141"#03 2.119M03
I.Ot1OmtO0 3.61128"04 1.0000 1.3341"404 NM 1.6532 1.8164 4.30701toa S.8667%401
7.6?00"-02 4.6380,O02 0.0000 4.5S94*-04 0.00000+00 0.017 1.Z.13A-03 9.2449"+0R 4.396759O2

6S010101A 6.0200 0.9797 2.25B30e01 NM 14.S26b 1.2479 ?.M3760#03 2.23760#03
1.01600+00 3.6060"f04 1.0000 1.304al*04 NM 1,6541 1.177 4.jST76,01 5.7q9j",O0
7.41006"- 4.7833*,0l 0.0000 4.38S94-04 0.00000+00 -0.0464 1.19l2'-03 9,1'17,0l" 4.34• 002*1

45010201 5.9600 0.9655 7.A5390+0l NM 17.3612 1.2659 2.3642"003 2.18420#03
2.70401-01 3.115000e 1.0000 4.4426*403 NM 1.6465 1.8264 4.3939"+01 6.0930"*M1
7%2400"-02 409O056000 0.0000 1.91170-04 0.0000*400 -0.1271 3.9440"-04 9.297000 4.0458341,02



6501-C-I

65010101 AOCOCK PROrILE TABULATION 17 POINTS# DELTA AT POINT 17

I 0PT/P P/PO TO/TOO M/MO U/UD T/TD RHO/RHOD*U/U0

S0.00001+00 1.00o0"+00 NM 0.92821 0.00000 0.00000 7.50037 0.00000
2 8.0q30"-o0 3.9969to00 NM 0.95108 0.27074 0.6177b 4.98306 0.12397
1 2.3066'-04 5.q565"+00 NM 0.96584 0.34642 0.71158 4.21q32 n.16665
4 2.3876"-04 8.0770'+00 NM 0.97592 0.40824 0.77645 3.61731 0.214h5
5 3.0734"-04 1.0132"÷01 NM 0.98766 0.46026 0.82236 3.19213 0.25760
b 4.1ll8"-Ju 1.1981"+Ol NM o.9qqq2 0.50245 0.8S329 2.88407 0.095A6
7 5.5312"-04 I.S035"*+1 tM 1.00586 0.56526 0.89222 2.491, 0 0.35012
8 7.315a*-0 I.6357•+0I NM 1.00995 0.59961 0.90468 2.30167 0.39523
9 9.4408"-04 1.1O49"÷Ol NM 1.03505 0.62807 0.93263 2.20502 0.42296
10 1.320A"-03 2.3220+01 NM 1.01794 0.70658 0.9S160 1.81380 0.5O464
II 1.6467"-03 2.87711+01 NM 1.01626 0.76803 0.97206 1.52160 0.63884
12 2.00•, 1-03 3.2857'I01 NM 1.01300 0.84298 0.98204 1.35712 0.72362
13 2.4436"-03 3.43W+•.01 NM 1.00512 0.92345 0.99202 I.IS400 0.85963
14 2.9769'-03 4.OId"+01 NM 1.00077 0.97743 0.99750 1.091so 0.95776
15 3.52,• -003 .5511i+01 NM 049907 0.99411 0.94900 1.00986 0.98925
lb 4.1580"-03 '.5867"÷0I NM 0.q9909 0.99804 0.99950 1.00194 0.99658

D 17 5.0749"-03 4.6046"t0l NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YtU/UOPM/MD ASSUME PEPD
AT It? DATA WERE AVERAGCO

65010104 ADCOCK PROFILE TABULATION 18 POINTS. DELTA AT POINT 18

I Y P7T/P P/Pn TO/TOD N/MO U/UO TITO RHO/RHOD*U/UD

1 0.00000400 1.0000"00 NM 0.88593 0.00000 0.00000 7.17983 0.00000
2 8.89001-05 Q.0064'400 NM 0.92607 0.27666 0.61031 4.86633 0.12541
3 1.7272--04 4.2883"400 NM 0.92853 0.28773 0.62631 4.73831 0.13218
4 2.8448-04 4.91114"00 NM 0,93330 0,31087 0.65833 4.4079 0.14679
5 3.9370*.04 6.7194"+00 NM' 0.94655 0.36922 0.72866 3.89703 0.18703
6 S. 99 440.04 8.2609'400 NM 0.95564 0.41247 0.77239 3.50650 0.12017
7 .0287*-03 1.0787*401 NM 0.97103 0.47485 0.826b41 3.02a89 0.27284
8 1.as78"-03 1.1861,401 NM 0.97958 0.49899 0.0449 2.86710 0.2•4?O
9 1.6461-03 1.3230401 NM 0.98556 0.12817 0.869a3 2.67865 0.32271
10 2.2073'-03 I,4817'01 NM 0.99770 0.59619 0.90395' 80,50sO 0.39638
It 2.8524"-03 2.1309*02. NM 1.00730 0.67505 0.93697 2.91610 0.48635
12 3.48740-03 2.65040*01 NM 1.01284 0.75413 0.96248 1.62718 0.59150
'3 4.17830-03 3.431"*0I NM 1.01246 0.3602 006049 1.371•49 0.71283
14 4.84120-03 3.7875*t0I NM 1.00700 0.90443 0.98999 1.19817 0.82625
15 5.8529*-03 4.,328"+01 NM 1.00333 0.91674 0.99600 1.08375 0.91903
16 6.05790-03 4.4558"#01 NM 1.00158 0.98189 0.99850 1.03411 0.96156

0 18 7.449•8•-03 4.6199mOl NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES V*U/UDtM/MD ASSUME PUPD
AT lei DATA WERE AVERAGED

65010107 ADCOCK PROFILE TABULATION 23 POINTS, DELTA AT POINT 23( I V PT2/P P/PD TO/TOO MI/M U/UD T/TO RHO/RHOD*U/UD

1 0.0000"#00 1.0000"+00 NM 0.88665 0.00000 0.00000 7.31344 0.00000
0. 89800.-0 4.07351#00 NM 0.92207 0.276S5 0.61200 4.8M716 0.1O497

3 9.3940"-0% 4.0735"+00 NM 0.92287 0.27635 0.t1.o00 4.8q718 0.12997
S1.764b-04 4.2a83"00 NM 0.92150 0.28217 0.•2000 4.t140S 0.12878
5 2.4638"-04 4.4942"t00 NM 0.92395 0.292S9 0.634s0 4.70282 0.13192
6 4.1402'-04 S.4702"400 NM 0.93174 0.3?665 0.118000 4.33355 0.15692
7 5.601•"-04 6..259'400 NM 0.93726 0.3S070 0.Y0900 0.08712 0.1734?
8 7.3152"-04 6.8287"*00 NM 0.94307 0.36874 0.73000 3.91q32 0.10626
9 1.097.1-03 7.4983*t00 NM 0.94784 0.38778 0.7s0o0 3.70078 0.20049

to 1.41004-03 8.0136"+00 NM 0.95002 0.40180 0.76350 1.btO69 0.21146
It 1.7374*-03 8.4314"+00 NM 0.95163 0.41283 0.77400 3.51S19 0.22019
12 2.4079*-03 9.4645•0O NH 0.9s923 0.43888 0.79750 3.30196 0.24152
13 3.017%"-03 1.0561+-01 NM 0.96801 0.46493 0.82000 3.11066 0.26361
14 3.6515°-03 1.1630"*M1 NM 0.97552 0.48898 0.83900 2.4040S 0.28498
is 4.68380-03 1.3681'*01 NM 0.98647 0.13206 0.86800 2.6641l 0.326|4
16 5.6642"-03 1.6013,401 NM 0.99313 0,5771S 0.894•0 2.39934 0.37160
17 6.87S8".03 1.9240'40l NM 1.00212 0.63427 0.92150 2.11079 0.43657
18 6.20'4O -03 2.31616'0+ NM 1.00950 0.64739 0.94600 1.80003 0.51419
IV 9.8146-03 N.89680+01 NM 1.01253 0.75156 0.969•0 1.53875 0.63006
ao l.142a"-02 3.16S0"01 NM 1,00846 0.86874 0.98100 1.28s17 0.76610
It I.3033*-02 4.a6b64+00 NM 1.00214 0.95090 0.99500 1.OqqO 0.90676
AZ .463S*-02 4.6472+0I NM 0.99973 o.qq2qq 0.99900 1.01915 0.98701

O 21 41.78•.0l 4.712114+0 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VAPIASLES YVU/UD#M/MD ASSUME PPO
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-M: 2.8 6502
P THETA X 10 a 180-700b)57

STW / IP : About 1.0 ZPG - AW

Blow-down tunnel, running time 10-.^ s. W H - 1.22 m

0.34 < PO < 1.04 MN/mr2. TO : 285 - 320 K. Air. 30 < RE/m X 10"6 < 90.

MOORE D.R. and HARKNESS J, 1965. Experimental investigations of the compressible turbulent boundary
layer at very high Reynolds numbers. AIAA J. 3. 631-638,

And Harkness J., Private communication.

la The test boundary layer was formed on a continuation of the floor of the 1,22 x 1.22 m tunnel, survwys
8a being made at 9.14, 11,89 and 14,63 m from the throat (X - 0). The test surface was constructed of rolled
lb aluminium finished to 0.63 vm, For comparison, tests were also made on a flat plate model (L • 3.05,

W - 1.22 m) mounted. on separate occasions, at the centre of the working section, The leading edge (X - 0)
3 was 0,05 - 0.10 mm thick and the surface finish was 0.25 pm. For tha tests described here, transition was
2 natural. Static pressure variations on the test surface were as much as 10 - 20 % on the tunnel floor and

5 - 10 % on the flat plate. The mean pressure variation on the tunnel floor extension showed a slight
adverse pressure gradient,

6 Static pressure was measured at 32 - 34 stations for each test series, at Intervals of about 85 mm on the
plate and 305 mm on the floor, A FEB (element diameter 50,8 mn) could be mounted at the three floor

stations and at two stations on the plate, data from the downstream station (X a 2.74 m) being presented
here. No wall temperatures were measured, the temperature of the massive structure remaining at room
temperature, about 290 K.

7 Pitot pressure profiles were measured with CPP. On the floor, four CPP were mounted as a rake, on a single
traverse gear at vertical intervals of 38,1 me. For the outer three, d1 w 1,62 me, and for the inner,
d, * 1.07 mm. For the flat plate tests, a single CPP (d, a 1,07 mm) was used,

9 The wall shear stress and the profile for a given station were measured on separate occasions, The CF value

has been Interpolated to the profile boundary conditions on the basis of a comon unit Reynolds number.
11 Sutherland's viscosity law was used.

12 The authors assumed that the boundary layer was isoenergetic, The editors have replaced this with the
Crocco / Van Driest temperature / velocity correlation and the assumption TW - 290 K. The static pressure
his also been Assumed constant through the layer, The number of data points for each profile was
exceptionally large, We have replaced our usual integration scheme with the trapezoidal rule so as to

improvethe handling of the scatter of the data,

13 The available profiles consist of two sets for the three successive floor stations at an approximately

constant (10 %) unit Reynolds number, There are also two individual profiles for the first station, Two
14 individual profiles for the flat plate are also given, (0501, 0601). The authors' interpolated wall

shear stress measurements are also presented.

D DATA: 6602 0101-0601, Pitot profiles. NX a 1-3 (a). I (b), CF from FEB.

15 Editors' cowents

The general experimental conditions for this entry would appear to have been fairly rough and ready.
Nevertheless, the data are of value as the profiles were obtained at exceptionally high Reynolds numbers
and are supported by direct measureints of will shear stress, At this moderate Mich number, the absence

I"



6502-A-2/I1-I

of TO profiles is not important for a neer-adiabetic boundary layer. Since, for the tunnel wall testso
the X-dimension was as much as 10 times the width, it Is probable that some three dimensional effects are
present. Despite the large physical scale, the measurements do not generally extend within the momentum

deficit peak. The source paper gives a greater range of CF and R THETA values than that presented here.

The only comparable experiment is that of Thomke - CAT 6903 with very similar general conditions.

CAT 6502 MOORL/MARKNESS BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN ML ) TM/TO RED20 C * H11 H1ZK PW PD
X Po)m PWIPo* PLD2D co M32 H32K Tw* To
RZ TOok SW * Da P12 H42 D2K UD TR

65020101 2.6310 .04035 1.qO3q",fl5 9.0000"-04 110.017 1.2233 1.6350*404 3.6350#*04
NM 1.0342*06 1.0009 4.2007N#05 Nm 1.8634 1.8521 2.9000"002 1.1440"+02
INFINITE 2.97186t02 0.0000 5.1125"-03 N4 0.0978 6.9749"-03 6.0711"+02 2.7871"0VP

6O201010 2.7670 0.9811 2.SS335405 8.4900-04 4.1466 1.2156 3.7793*404 3.7793"÷00
NM I.0OS'"t0b 1,0000 5.29160+05 'IM 1.8629 1L8516 P.90004+02 I.3311+02
INFINITE 3.15S61tOZ 0.0000 6.9627'-03 Nm 0.14S7 9.30640-43 6.I114.+02 2.95590+02

6S020104 2.6640 1.0146 3.1931,05 4.6o00o'0o 4.0274 1.2176 .6154+',0 41.6059040
NM 1.02460#06 1.0004 7.33680+05 4m i.838 10.472 0.1J000"0O+ 1.45560+02
INFINIIK 3.0LI'0',01 0.0000 0.4432'-05 ;4m 0.0999 1.12461-02 S.9463W0+02 2.0511I~0+0

6020201 2.8430 1.0626 1.%9050+05 9.5300.-00 Q.i077 1.2257 2.11714"+40 2.8719%*04
NM 8.3216v"05 1.0000 3.b30S"+0S NM 1.8609 1.8190 a.90000+02 1.1I470+02
INFINITE 2.91670+02 0.0000 5.31350-03 NM 0.0941 7.30764-03 6.01l"402 2.72931+0?
69020202 2.6090 0.9711 2.0577"+05 8.7d00*-00 01890 1.2171 ?.9688af+0 2.9680"*00
NM 8.16640+011 1.0000 4.a8a"O0S NM 1.5613 1.8301 a.9000"402 1.22830+02

INFINITE 3.16670+02 0.0000 7.0•501-03 JM 0.1093 9.50120-03 6.24100+02 2.9631"+02

6002020) 2.6930 1.0282 1.87259"05 S.qIoo"-GO 4.1034 1.2187 1.3920**00 3. S20'+Od
NM 8.2737+05 o1.0000 53.994I"05 lM 1.8572 1.8460 2.9000"t82 1,2 b +t02
INFINITE 3.00560+0a 0.0000 8.49660-03 Am 0,0918 1.1113"4-02 S.979al"0 2.8205*÷02

63020301 2.86s0 1.0510 9.j43"g+00 9.8700*-0I 0,5670 1.2260 1.6140"OO4 1.61400+Od
NM 4.63591+05 1.0000 2.23650+05 NM 1.8598 1.5876 2.9000*t02 1.11170002
INFINITE 2.1000"to0 0.0000 5.794e0-03 Jim 0,0725 8.06l9"-03 6.07034*02 2.7593".02

b5020401 2.1970 1.0718 7.0161,0#0 1.0100'-03 4.6959 1.2286 1.0961,,00 1.061'i00
NM 3..4740*0o 1.000 1.6541+0o5 Nm 1.5663 i.4454 2.90001#02 1.07i *02
INFINITE 2.58809+02 0.0000 5.9262w-03 NM 0.0380 8.3569"-03 6.0322,402 2.700b"402

65010101 2.9080 1.0518 2.1687"004 1.2300"-03 4.6217 1.3396 1.0739"÷01 1.0739"+04
NM 3..3494+05 1.0000 9.O245',Oo rim 1.6509 1.8376 2.000,402 1.096b1002
INFINITE 2.9500v02 0.0000 1.6784'o03 NM 0.0794 2.67560-03 6.10403402 ?.7972"+01

65000601 2.9000 1.0192 2.1697"#04 1.d40lO-03 4.7646 1.3087 1.o776"*o4 1.0776,"04
NM 3.4563Ot4S 1.0000 4.S7920+04 1M I 0.S14 1.134S l.9000402 1.1302,02
INFINITE 3.04044t02 0.0000 1.89701-03 NM 0.1031 2.68190-0o 6.2026o"02 2.6451"+02

TRAPEZDOIAL RULE FOR ALL INTEORATIONS
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85020101 MOORE/H'ARKNES3 P~oOILE TABULATION 72 POINT3# DE~LTA AT POINT 70

1 y P12/P P/PD TO/TOD N/MD U/UD T/TO R440/RHOO*U/UD

I 0.0000.+O0 1.00001+00 f4m 0.96489 0.00000 0.00000 2.51052 0.00000
2 'i.3340"-04 2.5558*+00 Njm 0.96915 0.44143 0.61202 1.9?221 0.31839
3 4.9310"-0'I 1.02451+00 NM 0.97203 0.49203 0.66429 1.82276 0.364u4
4 1.b612-03 1.3777*#0O N.M 0.97407 0.52651 0.69758 1.75541 0.39739
5 2.3600,-U3 1.6790"00 NM 0.97573 0.55408 0.722118 1.70203 0.42469

6 3.2106"-03 1.880l'.00 Nm 0.97685 0.57245 0.73911 1.66701 0.44337
7 4.0716"-03 SI,07O7"tO0 NM 0.97778 0.58784 0.75211 1.63787 0.4S93Z
8 4.98b0"-u3 4.1727"#00 NM 0.97830 0.59610 0.7s943 1.67197 0.46822
9 6.05W4-03 4.320400tO NM 0.97904 0.60862 0.76961 1.59W9 0.48131

00 7.1577*-03 4.S972"+00 NM 0.98035 Q.&3023 0.78694 I.55900 0.50072
It 6.3083"-03 4.7159"+00 NM 0.98090 0.83938 0.79408 1.54247 0.504fl1
12 9.U190"-O) 4.9103"100 NH 0.98179 0.61WO7 0.80532 1.51595 0.53123
13 1.0991"-02 4.9835'*00 NM 0.96211 0.65952 Q.80941 1.50621 0.53738
10 l.as02'-02 s.09%8Ni00 NiM 0.96261 0.68779 0.81555 1.49151 0.54880
IS 1.4067'-02 5.3103"+00 fNm 0.98353 0.66329 0.02W8 1.46424 0.56488
16 I.56'46002 %.536s4C00 NM 0.98947 0.69925 0.83811 1.436S7 0.58341
17 1.73131-0? 3.8651'400 NM 0.98499 0.7081 0.844?? 1.42131 0.59401
Is 1.91L19'.02 1.6070"+00 NM 0.98508 0.70967 0.80319 1.41876 0.59580
19 2.I036*-02 1.7530"+00 NM 0.98534 0.71414 0.84838 1.41107 0.80103
20 2.304SN-0l b.0513'400 UdM 0.98850 0.13426 0.86175 1.37743 0.62562
a1 2.5104"-02 6.3448"+00 NJM 0.98780 0.75307 0.87012 1.30587 0.64940
12 2.72bmq-02 6.2946"+00 Nm 0.98741 0.75022 0.8720 1.35118 0.64541
13 2.9558*-0? 6.6846"+00 NA 0.98881 0.77si1 0.88754 1.31113 0.87692
14 3.18804-02 b.8217"+00 NM 0.98928 0.7838? 0.69270 L.29762 0.88795
25 1.4604*-02 b.ga117+00 NM 0.98928 0.7a387 0.89270 1.2976? 0.68795
26 3.6403*-02 1.07831+00 NM 0699015 0.79944 0.90201 1.27308 0.70853
?I 3.6085s-02 7.10760+00 NMA 0.94024 0.80122 0.90305 1.27034s 0.70087
18 3.4976"-02 7.3492*400 14M 0.99102 0.81569 0.91114 1.24827 0.73008
29 3.9436"-0? 7.44130+00 NM 0.99132 0.82111 0.9t445 1.23994 0.73149
30 4.01044-02 7.S04a"+00 Nm 0.99152 0.82494 0.916%2 1.23437 0.74250
I1 4.0823"-02 7.5879"tO0 NM 0.99172 0.52868 0.91880 1.22876 0.74757
32 4.1651".02 7.691841+0 fjm 0.99211 0.83625 0.92275 1.217S7 0.75788b
31 4.2515".02 7.69740+00 NJm 0.99111 0.83625 0.92275 1,21757 0.75786
341 4.1429"-U2 7.8i?4"600 NM 0.99191 0.83245 0.920b7 1.22318 0,75269
SS 4.44981-02 7.79h8o+00 NM 0.99242 0,64200 0.92566 1.20912 0.76$71
36 4.Sb0I"-02 8.0334"#00 J~m 0.99312 0.85588 0.93304 1.1092q 0.78462
37 4.6751'0-0 8.0007"t00 NM 0.99302 0.85389 0.91200 1.19P03 0.78187
38 4.80W2-02 8.?12a"+00 NHm 0.993185 0.86564 0.91834 1.17502 D.79857
39 4.Y436"-01 S.03s4mtn0 NM 0.99312 0.85566 0.93304 k.16929 0.70062
00 5.094s*-02 6.212e'to0 NM 0.99364 0.86564 0.93834 1.17S82 0.798%1
01 5.2109"-02 a.32o8'$00 NM 0.99395 0.67171 0,9410b 1.16802 0.50714
412 5.4069"-02 8.5824N#00 Nki 0.99087 0.6A617 0.94815 1.1462a 0.82772
43 5.17'360-02 4.7764.400 NM 0.99520 0.89674 0.95396 1.13169 0.6429S
a4 5.7592*-0? 8.89W8'00 NMA 0.99551 0.94308 0.94709 1.12293 0.85231

42 5.9479"-01 8.8si8"400 NM 0,99501 0.90103 0.95605 1.12588 0.80917
ou6 .1488'-02 9.1oftI'400 NM 0.99604 0.91410 0.96231 1.10828 0.8b8l0
Q7 *.31sll-02 9.44012"00 NM 0.9q989 0.93204 0.97087? 1.08060 0.84495
'68 t.5707"~.02 9.39735*+00 NM 0.99680 0.9?978 0.96982 1.08757 0.09155
49 (1.50314-02 9.60608+00 NH 0.99705 0.94356 0.97569 1.08970 0.91231
50 7.032?'.02 9.847so400 NM 0.99788 0.95297 0.98008 1.05771 0.92660
it 7.3132*-01 9.8011"+00 Nm 0.99771 0.95080 0.97903 1.0607a 0.92299
$4 7.4846".02 1.0g3b8+0I NM 0.99832 0.98253 0.9R427 0.04187 0.90120

53 7.4927*-02 9.9412'0+0 Nm 3.99810 0.99773 0.98117 1.05170 n.93389
54 7.7076*-02 9.0 olri00 4M 0.99610 0.95773 0.98217 1.05070 0.913A9
is 7.7538~-0l 9.44124+00 NM 0.99810o 0.9S773 0.98217 1.05070 0.43389
58 7.82040.0a 1.00166'+01 Nu 0.99832 0.48253 0.98427 1.04567 0.94125
57 7.8923*-0? 9.#942"+00 NiM 0.99749 0.49534 0.99113 1.05471 0.93023
58 7.9753".01 1.0230.+01 NM 0.91877 0.972P7 0.90846 1.01357 0.958635
19 8.0615"-02 1.0180+,01 111 0.94886 0.98982 0.98741 1.03866 0.95455
80 8.1524"-D? 1.0250t0#0 NkA 0.94888 0.97474 0.98951 1.03050 0.96009
60l 8.2%96'-02 1.019060M NM 0.99910 0.47970 0.99185 1.02446 0.98793
62 8.3701"-02 1.04510#01 NH 0.99932 0.98470 0.9937D 1.00837 0.97578
83 a.48511-01 1.0410"+41 NM 0.99921 0.98219 0.94265 1.0?141 0.97164
84 6.6lba"-OZ %.fl5A4*#0l Nm 0.9491S 0.96975 0.99580 1.001M 0.911374
65 a.75360-02 1.0340"W~ NM 0.99910 0.97970 0.99181 1I0244b 0.98793
66 8.90415".02 I.0584'40 lim 0.99955 0.98915 0.99580 1:0012h O.98374
87 9.06090-02 1.030'06#l NM 0.94991 0.98209 0.99265 1.02141 0.97184
68 9.2089'.Oi 10.Ssst01 WA 0.949955 0.98975 0.99580 1.01226 0.98174
89 9.36%6"-02 1.0638.01i NM 0.99988 0.99210 0.99685 0.00920 0.98776

D 70 9-5692"-01 1.07944'01 Nm 1.00000 1.00000 1.00000 1.00080o 1.00000
71 9.75?9*-02 1.0741"M0 Nm 0.99981 0.99702 0.99895 1.00307 0.99589
72 9.9188'-02 1.06551+0I NM 0.99977 0.99485 0.99790 1.00610 O~qqle1

INPUT VARIABLES Y#UlUO (ISOwENOCGTIC) ASSUME POPO AND VAN ORILS!
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bsozU103 40OREIHARKIJESS PROFILEC TABULAT3ION 60 POINTS# DELTA AT POIN.T 60

I y P77/0 P/Pn 10/TOO "A/;40 J/UD T/10l RHO/RHOO*U/UD

% .0000"000 1.600040'0 tNM 0.5255 0.00000 0.o000o 2.30967 0.00000
2 5.3340*-ijo 1.?OQa',oo N10 0.94.505 0.42302 0.57763 1.46660 0.30979
3 9.42341-04 2.3794"foo NW 0.946501 0.44547 0.bOz'.5 102606 0.33002
0 I.7501"-93 2.0'481 W.00 NM 0.97022 0.50248 0.64.093 1.73014 o.3A20l
S 2.?305'-O3 3.090A0*400 NjM 0.97202 0.52953 0.68716 1.68410 0.006014
6 S,9101*-03 3.42704*00 Nm 0.97429 0.56340 0.71355 1.b2671 0.44174
7 5.2172"-03 3.bS?0'.00 NM 0.9T757 0.56515 0.73749 1.59016 0.46403
6 7.0409P-03 3.71770t00 NM 0.97653 0.54692 0.74806 1.57050 0.'17631
9 9.1897*-03 4.l1240.l0 NM 0,97864 0.62667 0.77459 1.S0610 0.1510214

10 1.1173"-0? 4.08665'OO NM 0.9783q 0.62492 0.77153 1.12925 0.50617
it 1.40394-02 4.1049'+00 14M 0.97944 0.b0393 0.78697 1.093?2 0.S269b
12 1.7176'-0? 0.6357*+00 14" 906144 0.07164 0.80531 1.44867 0.55603
11 2.1112"-0? 0.6?40"+00 :IM 0,90268 0.b9069 0.82278 1.40623 4.56015
t4 2.569S*-02 4.065.5'0O 1M 0.96259 0.669s0 0.8217S 1.420443 0.57053
Is 3.o0260-02 3.33964+00 14M 0.96496 0.72696 0.8465S 1.16241 0.62293
1b 3.49300-02 9.43954+00 14M 0.96S43 0.73448 0.81371 1.35102 0.63190
17 3.95?60-02 517I0?0+00 NM 0.96666 0.71407 0.66716 1.32103 0.65642
il6 3.92710-02 5.8416..00 Nu 0.96723 0.76394 0.87337 1.30762 0.6o682
19 '4.013s*-01 S.62s4*+00 NM 0.98626 0.74624 0.86302 1.33031 0.64873
20 4.11511002 3.0640~*+0 NM 0.9A78 0.76553 0.870441 1.30467 0.61021
21 '6.aI93"-O2 q.90880+00 NM 0.96752 0.76&73 0.87645 1.29947 0.67423
2Z 4.3731"-02 6.09?6'*00 Nm 0.96630 0.78173 0.6607s 1.16104 0.04067
23 4.15613".02 5.79760+00 Nm 0.94104 0.76076 0.87130 1.31170 0.66425
24 4.7501*.02 b.16304*+O NY. 0.9866b0 0.706668 UJ.649 1.17369 0.64700
25 5.042a'.02 6.30650+00 NM 0.96919 0.79611 0.69013 1.25950 (.70991
26 5.31900-02 6.0581*+00 Nm 0.96979 0.60693 0.90037 1.24%00 0.72319
27 S.5977"-0l 6.432a"+00 NM 0.98909 0.60521 0.69933 I.10742 0.72095
28 6,1160*-01 6.69154+00 NM 0.99070 0.62262 0.9097`4 1.12303 0.74364
29 6.4706"-02 6.77184+00 NKI 0.99101 0.82795 0.91267 1.21565 0.7`5093
IV 6.9291".02 7.l527"+00 NM 0.99276 0.651900 0.93061 1.17330 0.79316
11 ?.403b"'02 7.4030*400 NM 0.993?9 0.66666 0.931584 1,16067 0.110630
32 7.7422"-02 1.4030"+00 NM 0.99329 0.868.66 0.93560 1.16067 0.60630
13 1,140",1.2 7.4130'o10 NM 1,.99139 0.all6bb 0.91561 1,16067 0,.60630
314 7.82165"-02 7.1066"t0 NIM 0.99224 0.64978 0.92539 1.1as65 0.76036
35 7.930IV.02 7.5263N+00 14M 0.V9371 0.67639 0.94003 1.15051 0.61706
36 5.0503".02 1.3123"tn0 NM 0.99297 0.06293 0.93170 1.16826 0.79837
37 8.1662"-0? 7.5591"+00 NM 0.9939? 0.68030 0.90212 1.10400 0.622`53
36 11.37W-0?. 7.P242"$00 NM 0.992A7 0.86103O 0.93166 1.17076 0.79576
39 6.54920-02 7.65254#00 NM 0,90023 0.86423 0.94422 1.14019 0.82805
00 6.8512"-02 7.8506%tOo NM 0.99066 0.68922 0.95156 1.12219 0.60767
01 9.1341*-02 8.0l52't00 NM 0.99532 0,90637 0.95575 1.11143 0.65954
42 9.41270-02 7.68060000 NiM 0.99446 0.69622 0.95156 1.12229 O.ý47A7
03 9.90I11,.0 8.04371*00 Np 0.99553 0.91050 9.91765 1.10673 0.86546
00 1.0186".0l 6.2allawsoo NM 0.99597 0.91663 0.96296 1.09630 0.67755
051l.0744"-0I 6.7006'400 NM 0.99740 0.90661 0.97%73 1.0620? 0.91675
4b l.1219"-0l a.7008400o NM 0.99740 0.94661 0.97573 1.06Z02 0.901675
47 I.1562".01 6.70080#00 NM 0.99740 0.94681 0.97573 1.06262 0.91675
46 I.51.I 6.934b"#00 NM 0.94607 O.qb011 0.98205 1.04601 0.93866
49 1.163"'-01 .6.6261+00 NjM 0.99729 0.94461 0.97468 1.06467 0,911547
S0 1.1740*.0l 9.O955s~.0u NM 0.99652 0.96932 0DOW62 1.03s17 0.95067
%I 1.1864"-Ol 0.6%157**00 NM 0.99765 0.95571 0.97990 1.05116 0.93206
%a. l.1996"-vi q.oqss'0+0o 04 0.99652 0.06932 0.9860? 4.035?7 0.95217
S3 I Jlab*-0I 8.8%557tooO NMO 0.99785 0.95571 0.97994 1.05136 0.93208
14 l.2409".0I 9.1364*+00 NM 0.99663 0.97163 0.96731 1.03M9 0.95616

ss .2667*-01 q.34490+00 N4M 0.99920 0.96326 0.99260 1.W196 0.974004011 1.a"4401~i 414302+00 NM 0.9q943 0.96600 0.99472 1.0136) 0.96030
%I 1 3 i m 0 .9 6 + o NM 0.99909 0.98093 0.99055 1.02177 0.97042
S8 133*O .?3+o NM 0.49954 0.99036 0.99577 1.01091 0.96502
19 149-1 9,16+0 NM 0.99966 0.94277 0.99663 1.00819 0.966730 0 145"O .45#0 NM 1.900000 1.00000 1.00000 1.00080 1.00000

INPU VAIABC& tU/D ZSCENERGETC) ASSUME POPO AND VAN DRIEST



65020501 MOORE/HARKNESS PROFILE TABULATION 73 POINTS, DELTA AT POINT 73

I y PT2/P P/PD TO/TOD H/MD U/UD /TlD RHO/RHOD*U/UD

1 0.000"+O0 1.0000"to0 Nm 0.97912 0.00000 0.00000 2.63699 0.00000
2 7.0350"-04 2.T425"tOo NM 0.97659 0.45012 0.62977 1.95790 0.32172
3 9.3218"-04 l.1176"+00 NM 0.97775 0.7831 0.658O 4 1.89727 0.34725
4 1.1055"-03 3.'l390"+00 NM 8.97907 0.50901 O.C.898 1.832t3 0.37605
5 1.3665"-03 3.642't00 NM 0.97998 0.52936 0.70811 1.70937 0.39573
6 1.o205"-03 3.7161"+00 NM 0.98058 0.54261 0.72021 1.7bl7s 0.40880
7 1.8521"-03 3.9171"'00 i 0M 0.9813S 0.55963 0.7353S 1.72656 0.42591
8 2.1311"-03 4.044'o+00 'M 0.98184 0.57011 0.74445 1.70509 0.43660
9 2.4?82"-03 4.1911'÷00 Nm 0.98230 0.58600 D O.S7 1.60041 0.44890

to 2.o772"-03 4.2064"+00 'm 0.98244 0.58321 0,7SSS 1.078M0 0.45016
I1 2.9616"-03 4.31103"00 NM 0.98283 0.59171 0.76267 1.66133 0.43907
12 3.2385"-03 4.3T67*00 Nm 0.90306 0.59663 0.76672 1.65147 0.4b64•7
13 3.306"-03 4.S725"+00 Nm 0.90376 0.61167 0.77889 1.62153 0.48034
1 S.841301-01 4.6744"tO NM 0.98412 0.619035 0.78496 1.60639 0.48086
IS 4.1326"-03 4.7265"400 NM 0.98430 0.62323 0.70003 1,59877 0.49290
lb 4.49831-03 4.870"tOO NM 0.98485 0.63506 0.79718 .S5772 0.50591
17 4.4131*-03 4.97920+00 NM 0.98516 0.60173 0.00226 1.S820O 0.51335
16 5.1003'-03 S.0736*00 Nm 0.98308 0.685d2 0.80735 1.%4980 0.52090
19 5.0443"-05 S.1899"'00 Nm 0.98s06 0.65677 0.01306 1.53408 0.53026
20 5.8266"-03 5.P693"C00 NM 0.98612 0.66234 0.1t7S4 1.52353 0.53661
21 6.1951"-03 S.3503"+00 NM 0.98638 0.66797 0.52161 1.51293 0.54306
12 6.53540-03 5.4329"÷00 NM 0.90666 0.07367 0.82569 .5022?7 O05983
23 6.9367"-03 5.5815"+00 NM 0.98711 0.68370 0.53284 1.80348 O.Sb0
20 7.3509"-03 5.62499t00 Nm 0.9724 0.60671 0.03408 1.47809 0.54840
25 7.8410'.03 5.7130V#00 NM 0.987111 0.9262 0.03097 1.8672S 0.7160

26 8.265*Ol-3 5.•486"#00 NM 0.98792 0.70160 0.84510 1.50809 O.S0247
27 0.71986-03 1.90851+00 NM 0.90834 0,71075 0.85124 1.43440 0.59340
26 9.10S9"-03 6.10864*00 NM 0.90869 0.7104q 0.85615 1.42056 0.60283
29 9.b012o-O 6.20066"00 NM 0.98097 0.72477 0.06045 1.40943 0.81009
30 1.0097"-02 6.2811*00 NM 0.98919 0.72954 0.06352 1.4010S 0.61630
31 I.0554I'-02 6.4354*#00 NM 0.98962 0.73920 0.86967 1.38168 0.62829
32 1.09750-02 6.5sb?3'00 NM 0.95999 0.74739 0.07480 1.37003 0.63853
33 1.I430"Q-2 6.70300#00 IJM 0.99035 0.75371 0.57993 1.34579 0.84902
30 1.1968".02 6.78061000 NM 0.99038 0.76077 0.11302 1.34720 0.68544
35 1.2479"-02 6.87070#00 NY 0.99080 0.76588 0.58610 1.33RS8 0.66819

3o 1.2992*-02 6.99s7"+00 NM 0.99110 0.77277 0.5902! 1,32704 0.67082
37 1.1496"-02 7.16!b"00 Nm 0.991S6 0.78328 0.59635 1.30962 0.68046
30 1.4040"-02 7.3IS9"+00 14M 0.99194 0.79221 0.90153 1.29501 0.69616

39 1.4549"-02 7.44126"00 NM 0.99225 0.79907 0.90565 1.28325 9.70S74
00 1.5014"-02 ?.SbqbtO0 NM 0.99?57 0.80683 0.90977 1.27144 0.71554
41 1.5519*.02 7.6349*+00 NM 0.99272 0.61055 0.91103 1.2653S 0.72052
Ma I.8I1"-O2 7.9734"+00 14M 0.993S2 0.62957 0.92215 1.2356N 0.706Z2
43 1.6713"-02 7.973*t00 NM 0.99352 0.02957 0.90221 1.23s6s 0.74628

0 1.7214*-02 6.0791*00 NY 0.99376 0.83341 0.97525 1.22662 0.7S430
As 4.7069'-02 A.37071÷00 Nm 0.99441 0,05133 0.933%1 1.?0239 0.77638
46 I.5423"-02 8.a4038+00 NY 0.99066 0.05743 0.91662 1.193?4 0.78949
07 1.4926"-02 S.220•400 NM 0.99074 0.0594a 0.93765 1.19018 0.78782
08 1.9581"-02 6.6381"+00 ;4M 0.99499 0.86567 0.94076 1.18099 0.79658
49 2.0140"-02 8.83b?7*00 Nk 0.99541 0.67617 0.94593 1.16560 0.81150
SO 2.0701"-02 6.4771*÷00 tim 0.99550 0.57819 0.94b97 1.1625t 0.81059
s1 2.11833-00 9.21090+00 Nm 0.99618 0.09560 o.qs52f 1.13760 0.83967
52 2.1864'-02 9.34435400 NM 0.q9bs2 0,90448 0.90941 1.12s14 0.85270

53 2.2S00-02 *.8304O0 1iM 0.99686 0.91392 0.96356 1.11227 0.86607
S4 2.3091*-02 q,?971"+00 NM 0.99633 0,90003 0.95730 L.13141 0.88615
55 2.37081-02 9.42074+00 NM 0.99660 0.90673 0.96045 1.12200 0.85601
5b 4.4404"-0? 9.74604*00 NM 0.99721 0.92271 0.96072 1.04943 0.87979
57 2.4983*-02 9,93S1*+00 NM 0.99756 0.93207 0.97187 1.007?4 0.89349
50 2.5965"-02 I.0l78*0+l NM 0.99601 0.94400 0.97707 1.07129 0.91205
S9 2.9bO'-0O2 1.02750#01 NM 0.9901a 0.94085 0.97916 1,06484 0.91949
60 2.6401*-02 1.0380u901 NM 0.99036 0.9S375 0.94124 L.05047 0.92700
61 2.7470"-02 l.0S34+01 Nm 0.49063 0.96118 0.968130 ,.04001 0.93055
64 •,81SB-O? 1.06942401 NM 0.99890 0,96872 0.9A749 1.039ti 0.95032
63 2.87380*02 l.08%3*01 NM 0.99917 0.97637 0.99061 1.02939 0.9623.3
64 2.9390"-02 .0909"+0I NM 0.99927 0.97894 0.99165 1.0?614 0.9b80
65 2.9969'-02 .0964*0+0 NM 0.99936 0.98153 0.992'0 1.0?12 0.97049
86 3.0620'-0? 1.l070O+01 Nm 0.99994 0.98674 0.99478 1.01636 0.97077
67 3.1199*-82 1.1169901 NM 0.99972 0.99201 0.qqb67 1.00983 0.98717
68 3.1811*-02 1.11690401 NM 0.99972 0099201 0.9qb0y 1.00983 0.9T717

69 3.2426'-02 i.1•iou mo 2M 0.99982 0.99466 0.9q991 1.00616 0.99141
70 3.3040'-02 $.300"÷01 NM 0.9999t 0.9973a 0.94596 1.00328 0.99569
71 3.351]8-02 |1l362M01 NM 1.00000 1.00000 1.00000 1.00000 1.00000
72 3.3917"-02 t.1362"+01 NM 1.00000 1.00000 1.00000 1,00000 1.00000

0 73 3.4310*-02 .1362401O NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT V&RIAOLES Y.U/UD (ISOENEROETIC) ASSUME PvPD AND VAN ORIEfT
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axisymmetric
MH : ,6 and 8 fallIng to 3. 3.5, 4. 6503
R THETA X 10"3 : 2-72

STW/TR : 0,4 - 1.0 ZPG - APG
AW - MHT - SHT

Tunnel A (H . 5,6) : Continuous flow, variable nozzle. W - H w 1 m.

0.28 < PD < 1.4 MN/m2. 360 < TO < 400 K. Air. 6 < RE/m X 10.6 < 23,
Tunnel B (H a 8) : Axisymmetric continuous flow, fixed nozzle. D - 1.3 m.
2.3 ' PO < 5.5 MN/m2 . TO : 760 K. Air. 5 < RE/M X 10" 'd 12.

STROUD J.F. and MILLER L.D,, 1965. An experimental and analytical investigation of hypersonic inlet

boundary layers, Technical report AFFDL-TR-65-123 Vol. 1 and Vol. 2 (AD 621343/4)
And Stroud and Miller (1966), Stroud J.F., private communication.

1 The tests described here ware made an the outer surface of a hollow axisymmetric model mounted on the
centre-line of the tunnels. Of the four models used by the authors we here discribe only that one which
they designate the "Heat transfer Mach 8" model, The stainless steel model consisted of a nose-section,

a generating cylinder and the flared model proper. The sharp lipped nose section was 0.248 m lnU with an
initial (and internal) diameter of 48.3 mm. This front section expanded as a cone to a diameter of 76,2 mm

. 3 and carried two sets of vortex-generators. Each consisted of 16 triangular fins mounted normal to the
surface and set elter•ately at + 180 (E) to the flow direction, Y'he fir-t ring was about 90 mm back from
the lip and the fins were 15 mn (E) long at the base and 3.3 rmn high at thair trailinig edoe which was
normal to the surface. The second sot were about 200 mm back from the lip, atout 30 mm long at the base

1 and 6.6 m high. The nose section was followed by one of two cylindrical generating surfaces 76.2 no in
diameter end 0,314 or 0.628 m long, finishing at the start of the model proper (X w 0), The short cylinder
was used for tests at M - S, 6 and the long for H - 8. The curved surface of the model was designed to be
a streamline of a focused Prandtl-Meyer compression fan, followed by a short conical section intended to
avoid any upstream Influence from the expansion at the tralling edge of the model, The length of the

compression surface was 0,933 m and the coordinates are given In table 1. The model surface was highly
polished and gold-plated. It was actively cooled with air which had been pro-cooled to less than 100 K.

4 The generating cylinder was also cooled, but not the nose piece. The test section flow, in the absence

2 of a model, was uniform to within 0.3 % in Mach number,

6 Static tappings (d a 0.76 - 1.0 m) were distributed at up to 18 stations along the top generator, with

5 additional toppings at 900, 1600 and 2700 at X P 0 and 0.838 m to provide a check on axi-symmetry. Chromel-alumel thermocouples were distributed in the same manner, the majority being arranged to read the absolute

6 temperature of the model wall, At the profile stations, at X - - 95 and, when using the long generating

cylinder at - 413 m, junctions were arranged on either side of a removeable plug, so'as to provide values
of local heat transfer rate.

7 Pitot, P and TO profiles were obtained siuJltaneously, the three probes being mounted as a three-pronged

fork. They were carried on an independent traverse mechanism which could move parallel and normal to the
tunnel axis. This could also rotate the probes In pitch so as to, traverse normal to the model surface,
The Pitot probe was a FPP (hi a 0.25, h2 a 0.20, b, s 0.6 (E), 1 - 16 me) and the TPP a STP (dI - 1.02,

d2 w 0.63, 1 - 15 mm) with a chromal-alumel thermocouple junction opposite the 0,25 mm vents a distance
0,76 ma behind the sharp probe lip, which was chamfre" internally. The SPP was a CCP ( u . 100, d - 0.76,
11 . 7.6, 12 P 20 em) with 4 vtatic holes (d - 0,15 ms) round the circumference on axes at 460 to the
profile normal. Additional tests were made with two similar static probes mounted at + 20 and + 40 incidence
as a check on the sensitivity of the SPP to flow direction. Static pressure errors ware below 5 N for

incidence up to 00. The SPP was kept parallel to the model surface during a traverse while the TTP and TPP
"were mounted at 30 negative incidenct. The supporting structure for the three probes remained slender for
about 63 mo beck from the profile normal.
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8 The TPP .orned the centre prong of the fork and traversed on the profile normal through the model axis.

The TTP and the SPP were mounted 7.6 mm to either side, The tips of the TPP and the TTP and the static

holes of the SPP lay on a single line which was perpendicular to the flow and the profile normal. Profiles
were measured at seven stations with full wall instrumentation, the X values being given In Section 8.

9 The TO and P data from the offset probes was Intirpolated to the Y-values of the central Pitot probe, The

static pressure values were additionally fitted to Pitot-derived values at the boundary layer edge and to

10 the measured wall static pressure, No probe corrections were applied, and Sutherland's viscosity law was

11 used.

12 The authors present 42 series of profiles, half of which were obtained on three smaller models which are

not described here. rhe editors have chosen to present a selection of the data from the larger model, which

was the only one with active cooling and heat transfer instrumentation. We presentfor each Mach number

and heat transfer condition, the profile series obtained at the higher of two Reynolds numbers measured
by the authors. The authors have specified the boundary layer edge state as the Y value for which PO Is
95 % of the highest value observed. In the original tabulation, in interpolated profile point Is given

corresponding to this. The editors have set the 0-state at the next measured point outwards. We have

interpolated the differential thermocouple readings (temperature difference across the plugs), on the

basis of the TW value, to give values which are appropriate to the wall temperatures of the profile tests.
These data have then bean reduced to the heat flux data given as CQ in section B, using conductivity

values supplied by the authors. We found it necessary to use a trapezoidal integration rule,

13 The ten profile sets correspond to free stream Mach numbers of 6, 6 and 8. For Mach S and 6, there are
14 three heat transfer conditions, and for Mach 8, four, Heat transfer values are given for all the profiles,

excepting a few cases of instrument-ftilure.

DATA: 6503 0101-1007. Pitot, TO and P-profiles obtained simultaneously, NX - 6 or 7, Steady state heat flux

values from local conduction measurements.

16 Editors' commentt

The experiment was made under 2xtrom conditions, nnd understandably, soma of the date appear somewhat

erratic, The initial profiles are covered by a relatively large number of data points, but is the layer

becomes thinner on the curved portion of the model, the number reduces, For the same reason, there is a
tendency for measuremnts in the later profiles not to extend within the momentum deficit peak, The arrange-

ments for tripping the boundary layer seam to be remarkably severe, and possibly explain why we did not get
good agreement with ZPG profiles in transformed coordinates even under the nominally ZPO conditions on the
venerator cylinder. The effects of transverse curvature are likely to be large, as 6/RZ is of order 0.5,
The plots of CQ data which we rmde for the purposes of interpolation suggest that Q data for X a 0.914 M
ure unreliable.

We have presented data for the largest model only, partly bucause of the massive quantity in the original
report, but also because it appears to be of better quality. In particular the total temperature readings,
for the small models, showed unlikely variations In the free stream, The authors suggest that this may be

in part due to the fact that the STP can be at quite large incidence relative to the free .tream while still
parallel to the model surface at the profile station. In selection we took the authors' advice that the most

representative series of profile data should be the high Reynolds number data on the larg rmodel, They also

remark that the best heat transfer date should be that at M - B. We would remind readers of the difficulties

which can be experienced with instrumentation at recovery temperatures of the order of 700 K.

There are no comparable date, the most nearly ain being series 02 of Clutter & Kaups - CAT 6401, In principle,
comparisons can also be drawn with the Sturok & Uanberg - CAT 7101 tests, but both these studies were made at

relatively low Mach nuwber and without significant heat transfer.
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Model coordinates

Facsimile from Source paper

NB - Authors' symbols and units

Mach 8 Dosign
x0  YC xr, YC Xc Yc

*.0045 1.500 27.9505 3.4590 33.5085 4.6935
2.0265 1,5090 28.1880 3.5160 33.6000 4.7P20
3.9285 1.5345 28.5105 3.5715 33.6900 /..7490

0.7090 1.5750 28.8165 3.6270 33.7755 4.7760
7.3725 1.62J,5 29.1090 3.6795 33.8565 4.F015
8.9280 1.6830 29.3880 3,7320 33,9360 4.8270

10.3815 1.7475 29.6535 3.7815 34.C125 4.8510
11.7390 1.8165 29.9070 3.8310 34.0860 4.8750
13. 0080 1.8900 30.1485 3.8805 34-15M0 4. 9, 0
14.1960 1.9665 30.3810 3*92"/0 34.2255 4.09230
15.3075 2.0430 30.6015 3.9735 34.2915 4.9455
16.3500 2.1225 30.8130 4,0170 34.3560 4.9645
17.3265 2. 2N5 31.0155 4.0620 34.14175 4.9890
1S.2430 2.2800 31.2000 4,1040 3).. .41;0 5.0100
19.1055 2.3595 31.3935 4.1460 34.58,E5 5.0505
19.9154 P.4375 31.5705 4.1865 34.6920 5.0895
20.6775 2.5140 31.7415 4.2270 34.7895 5.1270
21.1960 2.5905 31.9440 4.2660 34.8810 5.1630
22.0725 2,6655 32.0595 4.3035 34.9650 5.1960
22.7115 2.7390 32.2095 4.3395 35.0820 5.2455
23.3160 2.8110 32.3520 4 3770 '5.1885 5,2905
23.8860 2.8830 32.-900 4.4115 35.3130 5.3460
24.4260 2.9520 32.6220 4.4460 35.4495 5.4105
24.9375 3.0L10 32.7195 4.4790 35.5650 5.4675
25.4205 3.0870 32.8710 4.5120 35.6820 5.52P0
-25.8795 3...530 32,9880 4.5450 35.8C95 V.5•..
M6,316• 3.2175 33.1005 4.5765 35.,%%, z.66 O70
26.7300 3.2790 33.2085 4.6C65 36.00A5 5.7240
V-/.IP15 3.3405 33.3120 4.6365 36.0510 5.7570
27.4950 N..4005 33./,125 4.6650 35.0645 5.7675

Conie•.l

36.750 40'.16•

I. All dimensions in inches.
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CAT 6003 STROUD BOUNDARlY CONDITIO3NS AND EVALUATED DATA. St UNItTS.

RUA m TJ/TR R1If)2w cF HI? 1112K o PD*
X Po pJupo RED2)0 CO *H32 .132K TW* T0*
R2 4 Tor) sli * 02 P12 H42? WK Ub* 1'R

65030101 '1.81004 0.7463 2.4304o"+03 ;j 11.o.022 1.4115 1.9253"+U3 1.925SV.03
-1.9050'-01 6.1345t4n% 1.0000 8.4648"t03 .4m 1.8298 1.7718 2.41&7'402 6,2511"001
P.5400"-02 3.54147"t02 1.0000 'A.b62OO-0'4 ýJM -0.1811 9.9052*-0U 7,65661+02 3.236'sIto2

0503.010a 4.95'4 0.7454 3.6133"+03 ;ým t0.6301 1.3950 1,914'l"+01 1.9124"#u3
0.00001foo 8.62S3.S 1.0000 1.267~4+04 NP 1.7970 1.7370 2.4167"'toa 6.2O0s"fol
2.54001-02 3.S462**n2 1,0000 6.7?0*-04 ý4, -u.0196 1.Sbot"-03 7.6681;1+2 3.2019'su2

65030103 4.5512 0.7424 4.9578"+03 lim 10.43?1 1.2685 2.0728*.03 2.067l"tu1
'i.7i,250-0l 6.501W+05 t.0020 1.4i366"+04 1.2944'-04 1.8597 1.6325 2.0110+0? 6.892fl".O1
5.90961-0P I.S4q7*40 1,00 6.147W5"04 1M -0.1534 I.?S88P.03 7.57S$*+02 3.2477"402

05030104 42(458 4.72S1 S.6266"+03 Nlm 6.4309 1.2323 4.80240+03 4,1?91"+03
*7.3660"-ol A.bsbb"+05 I.I6pq 1.5629+014 .01' 1.8990 1.8703 2.3556*402 7.6789"+0t
*9.29611-02 3.5-360.ol2 1.0000 6.1576"-04 Njm -0.25141 5.7648*-04 7.4597*402 3.48'4'+1)2

65030105 3.9107 0.7125 4.3712"*03 3M 3.1176 1.3059 7.b5qq*413 6.0133"+03
a.36200-01 6.7743"+05 1.2135 1.0823"t00 1.92174-014 1.8919 1.6614 R.3333"+02 6.5611"+Ot
1d553-01 3.%556*+02 1.0000 3.6807"-04 Am ~ -0.2371 4.7720"-04 7.3661"+02 3.27004+02

bs010106 1.7872 0.703b i.T458*+03 Nm 1.61154 1.3601 1.0866'+04 7.7192"+03
8.763O".01 8.79061*0% 1.007b 1.3183,0+04 2.6934"-0f4 k.8833 1.8564 2.3056"+u2 9.1743"cil1
1.27o7"-0I 1I.5450ts02 1.0000 14.0579"-04 ,'dm -0.1660 0.80qbv-00 ?.2747**02 3.2769'4,02

v5030107 3.0125 0.7018 7.04270+03 :Am 1.3753 1.4636 3.2379'+014 2.2762"#'04
9.14dI0~0- 6.7766"t05 1.4225 1.215Y*0'4 4.5333*.04 1.8979 1.8950 ?.290"0Z2 1.2332"+QZ
1.41131*-01 3.5013"+02 1.0000 2.43?S"-00 4 -0.2166 2.50730-04 6.7S19"+02 3.26S41+02

65010202 4.8301 0.0490 2.41146*+03 Nm 11.1193 1.14415 l.923A",03 1.9238"+03
-1.90'30"-o1 8.3115*+05 1.0000 (4.32640+03 3w 1.8205 1.7558 ?.70004402 6.2389"+01
2.5M00*-0? 3.5352"+02 1.0000 5.07510-04 .1m -0.0693 1.12I484-03 7.614qbm402 3.R320'e112

65010202 11.8619 0.6526 3.27611403 Am4 11.14b8 1.4722 1.92000+03 1.9200*+03
*0.80000"+00 B.b340+~05 1.0000 1.P$12t014 11A t.7911 1.7153 2.755b6402 6.1722N+01

2.5400"-.02 3.53ia*+02 1.0000 6.684146*.0 NM -0.07143 1.6!52P"-U3 7.65014"402 M.316*402

61S030203 5.01437 0.81458 3.5269'*03 N4m 12.9317 1.27143 ?.3318"*03 2.31W9+03
4 .762S"-Ol t.2981"flb 1.0000 1.458t'*04 1.16i47"-014 1.8660 1.629c; 2.7389"#02 S.62560+01
S .9096"-022 3.S465"#02 1.6000 S.65682"04 Am -0.?228 1.2293"-03 7.71611"*02 3.2383*+02

650302014 0.2303 0.847S 3.6349'.03 AM 6.748b 1.2471 5.00I0"+03 14,1421",US
7.3660"-01 6.5100*#05 1.2078 1.7637"+014 AM 1.8820 1.8611 2.7500"402 7.7133-+O1
44.29611-02 3.53W42'02 1.0000 7.0003*-04 NIA -0.2b87 1.0506"-03 7.4490*+02 3.P?440+02

65030105 3.9938 0,8450 7.83650+03 Nm1 3.0727 1.239S 7.7705"+03 5.86be"+03
8.38201-01 8.03112*405 1.3245 2.241574i04 1.74061-0'J t.8427 1.8696 2.7500*+0? A.43501+01

*1.1553'-01, 3.5343*0? 1.0000 7.6133"-04 N4m -0.2739 1.03604-03 7.3542"+02 3.25145"+02

65030206 3.846S 0.8485 1.0070"+40 Nm 2.9206 1.2379 l.0997"+014 7.0930".03
tk.763O".0 8.78519*tOS 1.'55044 2.7442"+04 2.32914-04 1.8763 1.5077 2.7667*+02 6.9221+~01
1.2170-0.1 3.53S3"+02 1.0000 6.6140*-04 lim -0.2081 1.0315"-03 7.2ta7"+02 3.26054+02

6$030207 3.S737 0.81443 2.26551#04 NM -0.8112 1.3059 3.30US'*041.520
9.18400'.0 8.9398't05 3.1251 5.56S34+04 1.9b80"-03 1.80144 1.819b 2.77221"s02 9.9256"#0I
1.4531'-Ot 3.5278"+02 1.0000 1.49717-03 tim -0.1117 1.0620'-03 7.13eil'ooa 1.164l,02

65030301 4.8274 1.00A3 2.53000#03 NIM 10.1505 1.3646 1.9.738*+03 1.9236"i+03
-1.90501-01 8.3029NtO5 1.0000 1.1179"+40 NM 1.8312 1.1664 3.22?2.40? 6.1134mo01
2.5400'~-j2 3.49491+02 1.0000 5.99119"-04 -4m4 0.068b 1.2894"-03 0E51e2 3.14SV+02

b6501'302 0.86014 0.9920 2.97Q04+03 1IM 11.3654 1.4409 1.9152'+03 I.91521*03
0.00001#00 5.636V#,05 1.0000 1.30631+40 liN 1.7915 1.7167 3.2111"+02 6.1772'+G11*2.5go0l.02 3.51411"*OZ 1.0000 7.0009"-04I Nm -0.1236 1.7366"-03 7.6654'+04 3.23700402
65O01003 S.2006 0.9810 3.11250+03 NM 14.0108 1.27441 2a,0060+03 2.20060+03
'I.76231-01 1.46680+06 1.0000 1.51?T.400 5.2797*-05 1.6622 1.8361 3.1716N+02 5.5006*401
51909410-02 I.55110*02 1.0000 t.6110~-04 NM -0.2743 1.3134"-03 7.76140+402 3,23940,02

65030ý04 4.2644 0.9747 S.5.S5i03 Nm 7.2728 1.2537 0.9379*,03 14.LAW3.03
7,3660"-01 S.8100*.05 1.2034 1.92614"+.04 WA 1.6732 1.8095 3.16674#02 7.62811*+I
9.2961*-02 1I.5371"02 1.0000 7.53W8-04 JIM -0.2882 1.l930*-0,3 1.4679"+02 3.21490"*Qp

65030305 0.0030 0.9681 7.62051+03 NM S.1208 1.a033 7.8050'403 5.7911*493
8.3620'-It 8.8279*405 1.34477 2.49650+04 6.0al86"-05 1.8659 1.8510 3.16114010 8.43390+01
1.15353N-01 3.%4634+02 1.0000 4.1553.00 1444 -0.3179 1.2166"-03 7.3707"#0? 3.2652*#0?

0503030' 3.68847 1.9695 1.07060+04 NM 3.3078 1.3390 1.1101*#40 6.6879"+OS
S.76300-01 G.69?7"+0I 1.6546 3.2?651*00 5.550qv-O5 1.453b 1.$450 1.16670#02 68.4172"+01
1.27470-01 3.5429'0#0 1.0000 1.06470-03 NIA .0.3995 1.3677"-03 7.3137?.02 3.2662"+02

6503030? LIM95 0.9714 2.6318"+04 NM .0.4.290 1.3244 3.13081+08 9,859s**03
9.1440'-01 8.6018*405 3.1783 7.24960+04 ?.OP620-04 1.7786 1.7640 1.1069140? 9.88904"01
0.0531.01O 31.S40.0t1 1.0000 2.053%0-03 NM -0.0037 1.4470"-03 7.1663'+Q? 3.2704SN02



651)3.B.-2

CAT 6503 STROUD BOUNDARY CONDITIONS AND EVALUATED DATA. St UNITS.

RUN 'D Ti/TR RE12w C1 P12 MaxK PA* PD*
X * POD PW/PD ROD2D CO * M32 H32K THR TO*
RZ * TOD Sw * 02 Pl? H12 D2K UD* TR

65030401 5.q221 0.6043 1.0957"+03 NM 16.1613 1.4619 8.6520*+02 8.bS6o"+O?
-1.90500-01 1.2610+O0O 1.0000 0.4253+03 NM 1.8340 t.7528 2.1O83"÷02 5.0161O"•O
2.54001-01 4.0203"#02 1.0000 3.14%54O10 NM -0.0935 8.4417"-O0! 8.4097"+02 3.6S43"+02

65030'402 5.9464 0.6163 ].1202'+03 14M 16.2063 1.3694 8.6663'+02 8.66b3"+02
S0.000'i0÷O 1.2950sO06 1.0000 ,.S?708&03 NM 1.46616 1,8207 i.2083"+02 4.9650"+01
2.5400"-02 4.0079?f02 1.0000 3.1809*-04 NM -0.1512 7.8046"-04 8.4009"#02 3.6426"+02

65030403 5.2910 0.6057 t.09534+03 NM 13.339S 1.4661 1.62310+03 I.St15".o3
4.762S4-01 1.12660+06 1.0708 3.65641#03 2.7049N-04 1.8508 1.8030 .23060OP0 6.1094"401
S.9098"-0? 4.0394"+02 t.0000 2.2327"-04 rm -0.3107 4.Sq03'=O4 8.3012"402 3.68280402

6S030004 415700 0.6503 1.66880+03 NM 6.0313 1.4785 4.7052*+03 3.8721"+03
8.3820"-01 1.2223"+06 1.2152 4.6052003 2.6W3"-0o4 1.013b 1.8467 2.3972"+02 7.77330#01
1.15530-01 4.0242"+02 1.0000 .8469*-04 AM -0.3656 2.6376"-04 8.0784'+02 3.6865"*02

65030408 4.2193 0.6569 1.3095"+03 NM 5.5998 1.4896 7.2189l+03 S.80740+03
8.7630-0-0 1.17630+06 1.2431 S.?3330+03 30S8970-04 1.8587 I.8358 2.43330+02 8.e4061+01
1.27T47-O '.0317",02 1.0000 1.9924-04 NM -0.1926 2.9761-04 7.9541"+02 3.7044+02

69030406 3.3931 0,6s34 3.6747"+03 NM 3.1407 1.62L6 2.3166"+04 1.7966*+0
9.1440-01 .176tL"tOb 1.2895 607110403 8.2411-O' 1.8701 1.8595 2.4833"+02 1.2408, 02
1.41310-01 46091"+02 t.0000 1.3464-04 NM 0.0129 1.8369"-04 .57794+02 3.8007•+02

61030o01 6.0432 0.7506 A.14830+02 0• 11.0164 1.Sl2 6.6520"+02 8.65200+02
-1.9050-Ol 1.42T7*+O6 1.0000 4.0621e+÷3 1M 1.8637 1.7800 2'.73610+02 4.8317".01
2.5400"-02 4.0123"+02 1.0000 2.67420-04 NM -0.0984 6.8904"-04 8.4222"+02 3.6452"+02

65030502 5.024 0.7523 9.7664+02 ;NM 16.5718 1.2865 8.9967*+02 8.9961"*02
0.0000"+00 l.2845*+06 1.0000 4.68538+03 NM 1.0773 1.6332 2.7361"+02 S.02114+01
2.5400V-02 4.0006"+02 1.0000 3.2173*-0 .iM -0.2249 7.709S"-04 S.3857"-02 3.63686+02

65030501 5.7•T5 0.70ql 7.4420402 (14 19.6500 1.4662 1.2770"+0 1.27701+03
4.7625".01 1.6136"+06 1O000 3.42720#03 1.74960-04 1.5601 148079 2.7556"+02 5.2561N#00

2 5,9098"-02 4.04430f02 1.0000 1.01300-04• M -0.,5391 4.4391"0o4 8.4097"+02 3.6783"+02

65030504 4.7885 0.7523 7,22185402 NM 15.7146 1.5559 2.7756"+03 2.77561+03
7.3660"-O1 1.14341+06 1.0000 2.42971003 NM 1,9049 1.8q35 2.7833*02 7.2011,0l
9.2961'-02 4.0440stO 1.0000 .1569 "-fl0 NM -0.7889 2.0169".O0 8.1b99*0? 3.6995%"02

b 6s030OS5 4.8082 0.7631 3.08160+03 104 -1.2339 1.2q13 4.,603"+03 2.9451"03
8.3820*-0t 1.24220#06 1.6503 1.05620+04 2.61610-04 1,9185 1.6951 2.611If÷02 7.16331+01
L.ISSs"V01 4.02940.02 1.0000 d.6444-04 NM -0.1684 5.0332*-04 8.1592"+02 3.68400402

;s5030506 4.2694 0.7655 2.36161+03 NM 2.4983 1.4081 7.3707"+03 S.29a2l203
8.7630"-OI 1.1436*06 1.3927 6.7492,+03 2.q931"-O4 1.9048 1.8862 2.8194"+02 8.6289"÷01
1.27147"-01 .006*t02 1.0000 2.4540"-04 NM -0.3125 3.0310.-04 7.9516"÷02 3.6815"+02

65010507 4.3899 0.7619 1.01830+04 NM -6.0477 1.2875 ?.42071+04 SO.ll"+03
9.1U4U-01 t..262V806 4.030? 3.04034÷04 1.0823-03 1.8875 1.5q1t 2.63330+02 6.28500÷01
1.4531*-Ol 4.0217"T01 1.0000 .06901-03 NM -0.0340 5.1•, W-04 8.0110+02 3.6896*+02

65030601 5.011) 0.9935 6.84754+02 NM 16.653 1.4281 8,6520*+02 8,6520"+02"-1.•0504-01 1.3259"+06 1.0000 4.1339"+03 NM 1.8638 1.7826 3.b389"÷O2 4.9572w+01
2.500"-02 4.03054+02 1.0000 2.86340'-04 4m -0.25M 7.3969"-04 8.Apbq"+.2 3.662S"÷02

'1503060? 5.8082 0.9q89 8.3897"*02 dlIA 1%.q494 1.3912 q.0206l"02 9.0206"÷02
0.0000*#00 1.10740+06 1.0000 41•.81q*03 NH 1.8583 1.7856 3.b222'*02 S.1950o+ot
Z.54004-02 4.0246*+02 1.0000 3.5287?-04 NM o0.1790 8.9901"-04 8.3036140? 3.6b01+02

65O30603 5.450 Oq.689 q11.9483"402 NM 21.8168 1.5089 1.3143'+03 1.3143"#03
4.7625.-01 1.4412"+06 1.0000 ).2008"+03 1.53224-05 1.8610 1.7922 3,S694""02 S.4783÷+01
5.90985-02 4.0479"+02 1.0000 1.7925*-04 NM -0.92S2 4.4750-04 8.3675"*02 3.6839"#02

6S03060A ,.9112 0.9633 9.q553,102 NM 12.3911 1.4087 2.6621"'03 2.?23N÷03
1.36600-91 1.150•8+O6 t.0990 4.04650+03 AM 1.9010 1.8693 3.SO0"÷O2 6.9244%,O0
9,2961"-02 .01328"*#2 1.0000 2.01330-04 14M -0.508 3.540"-04 8.19039"6" 3.66541+02

61030605 4.6604 0.9643 P.18490+03 :' 4.5687 1.3293 d.6808*+01 3.3234%03
8.38Z0-01 1.1123"406 1.4064 8.$1661+03 a.1636"-06 1.9038 1.8764 3.5500N02 7.52S6N÷0l
1M3V-O 4.0215'*o0 .,0000 3.68620-04 NI -0.4053 5.0214*-04 8.1059"+.0 3.6815s÷02

6S030606 4.4140 0.9665 1.4070+03 ldM 2.3036 I.5587 7.087l*÷03 4.51510+03
6.76301-01 l.173100b i.S614 52.8000+03 1.60550-05 1.7745 1.7661 3.5556P02 8.187S0+01

1.7I-1 4.0093*402 t.6000 ?.413ho-04 NIM -1.9523 2.6693.-00 I.00801+02 3.67751+0269010607 3.5133 0.9690 4.,•Tyo+03 NM• -0.0257 1.,230 2.47990+04 1.1?08"÷08
9.e•O*-Ol 1.3813"+06 1.964 1,8|3390+O4 l.qesqo-03 1.6423 1.61T6 S.561t'÷02 1.01924+02
1.4531*-01 3,900+02 1.0 00 0 2.9009*-04 NM -0.1860 2,6897*-04 ,7.7185"O0 3.6751'+02



6503-B-3

CAT 6003 STROUO BOUNDARY CONdITIONS AND EVALUATED DATA. 31 UNITS.

RUI;) Tel/IR RL02w CF HN•HilK Pei* Poo
X * PODD o AP I REM CO H -3 0 23K T** TO*
RZ * TOO S.a a 02 P12 M42 3?K UD* TR

65030701 7.0105 0.4093 6.5243"t0Z 4M 30.2895 1.3520 5.2572"+02 5.?572"+02
-I.9050'-O! 4.399"+0O6 1.0000 2.7800'+03 ýjM 1.8566 1.7956 2.0278"#0? 5.790h"#01
2.5400*-02 7.6439'*02 1.0000 3.0630*-04 ;41t -0.6330 9.9082"-04 1.1916"+03 6.91)92"'02

6S030732 7.6275 0.4059 4.0140"0 .4M 23.6304 1.3624 5.2477"*0? 5.?477"U?
0.0000"+00 3.76341+06 1.0000 3.6557"+03 Nm 1.846'J 1.7709 2.6000"#UZ 6.0372*+01
2.5400"-02 7.6285a+02 1.0000 4.3906"-04 ý4m -0.1672 1.4057'-03 1.1683"#03 6.8090"+02

65030703 7.0137 0.1003 9.929"'02 1iM 2.6164 1.4160 1.0337'403 9.3031'402
1.7625*-01 3.09951+06 1.1112 3.49734,03 3.52880-04 1.8033 1.7913 2.0000 201 6.9061"+01
5.90980-02 7.5710so02 1.0000 3.2146"-04 NM -0.5202 9.95l"-.04 1.1750+03 6.8570402

60030701 6.?351 0.1176 1.6491R#03 JiM 11.1023 1.3377 2.2710"$03 1.8487.*03
7.3660"-01 3.7007106 1.2021 S.3605"+03 5.43561-04 1.5736 1.8430 2.836721ta 0.610P*01
9.12961-O1 7.50190+02 1.4000 3.6137*-04 :lm 0.0310 7.1066"-04 1.1606"003 6.8660"+02

65030705 S.7080 0.1433 2.1435N,03 tiM 2.9563 1.3257 4.3767"#03 3.037S"+03
8.30820-01 3.7714"+06 1.4o09 6.5523,j03 7.2076N-04 1.0077 1.787 2.9419,#02 9.5306001
1.15S31-01 7.2965"+02 1.0000 3.55056-04 NM 0.4$13 4.1797"-00 1.1292,#03 6.63006"*0

65030706 5.2990 0.4432 20.8340+03 :M 12.4914 1.3741 7,17702"03 4.9235.03
8.76300-01 3.6703"906 10.577 6.62541103 8.4558"'-0 1.0051 1.8753 2.9q91l"+0 1.11916*02
1.•7474-01 7.40900*+0 1.0000 3.0535-04 NM 0.1023 3 . 4 9 68 5 -0 4  1.12430+03 6.754•4*02

65030707 4.2992 0.047 4.3544*+03 NM -0.0177 1.8106 2.9116"*04 1.58680+04
9.14O0*-Ot 3.5626*+0O 1.0349 7.59340+03 1.2011"-03 1.6030 1.0332 3.0987"#02 1.5605t*O?1,.5S1Vo01 ?.,129"+02 t.0000 2.16150-04 jm 0.7740 1.4544"o04 1.0837"t03 6.o114+"02

65030801 7.9494 0.1632 7.61•9',00 NM 25.9710 1.4109 S.25726*+0 S.Z5712,O2
-l.90S0oO" 4.5220+06 t1.0000 3.00750#03 NM 1.686b 1.7549 3.17?21"02 5.69330401
2,5400*-02 7.5779'0+l 1.0000 3.65600-00 NM -0.1341 1.2474"-03 1.1009"*03 6.0491*+02

650308002 .7095 0.0590 1,1S720+03 NM 18.1712 1.4317 S.2477"402 5.2477"+02
0.00060#00 4.0331Nt06 1.0000 5.2569"#03 NM 1.6137 1.7270 3.1020'#0a S.98994#1
2.5400.00 7.66708+02 1.0000 6.12110-04 NM 0.3598 1.93531-01 l.142•3#O3 6.93122'02

65030003 7.0626 0.4603 1.18600'03 NM 17.3681 1.4046 1.0480#*03 9.0989"+02
4.76WS-01 3.96061t06 t.1644 .68320'03 3.6166"-04 1.834 1.7926 3.2190"402 60.9011*401
5.909S•-02 7.5740+02 1.0000 ,.31040-04 NM -0.0705 1.1382-03 I,17W3#03 6.0587002

05030604 6.3789 0.4660 .2775*+03 MM 6.9062 1.35239 .3437+003 1.72511.03
7.36600-01 3.97944*06 1.3586 7.0373t903 3.3603*-04 1.8724 1.039S 3.203•34*42 016.161*l
9.29,•I-O2 7.71624+42 1.0000 S.37930-04 NM 0.6224 8.5207"-04 1.17594*03 7.0033"#02

65030600 S.9705 0.4803 2.PaZq12 03 NM 1.2310 1.3371 4.5330"#03 2.5798003
6.,80o01-0 3.97620106 1.7171 6.66431"03 8.4229-04 1t.060 1.0609 3.3260+02 9.3403"*0
l.15531-01 7.6130"M0l 1.0000 3.992•2-0O NM -0.1613 5.22830-041 1.1860403 6.9185"+02

6S0306006 5.5A 7 0.4014 3.1277*403 Nm 2.2028 1.353a 7.5086O*03 3.6039"0403
8.76300-01 3.9660006 2.0634 8.61804"03 1 .0q97 10 03  0.6731 1,6s56 3.3446"+02 1.00574+02
1.97471-01 7.5670+02 1.0000 4.4774"-04 NM -0.2119 5.1450-04 1l.1484*03 6.9049"+02

65030007 4.0959 0.4899 6.3880"t03 NM -0.6231 1.4810 3.11580+04 6.41210#03
9.14400-01 3.9385"f06 3.7039 1.0179*404 1.7?990-03 1.7993 1.79080 3.3744"-02 1.3007'#02
1.4531-01 7.536401"t 1.0000 1.13120-04 'M 0.0461 3.94761-04 1,1195403 6.8679"+U2



6503-13-4

CAT b503 STROUD COUNDARY CODI~TTONS AND EVALUATED DATA. 31 UNITS.

RU.4 4, Tel/Tp RLI2W Cr H12 li12K PIN PD*
w X POO P,*l/PD RL020 Co M3 4~ .32K T w TDO

RZ * 7r) 34 * Da P12 H102 0?K UC). TR

65030901 7.7309 0.7123 3.2796"+02 NH ~ 44.730S 1.46111 5.2572"+02 5.29721+0?
-l.9050".0I 0.112b"+Qb 1.0000 2.16161+03 NM 1.8169 1.7434 5.03330+02 S.7133"+01
2.54000-02 7.40008*,02 1.0000 2.3570"-04 NM -1.9692 1.0530~-03 1.1116"+03 6.6905*+02

65030902 7.6059 0.7063 3.0066*+02 NOA 45.4110 1.7223 S.2'477'+02 5.2471"+,02
0.0000,,00 3.b953'+Ob 1.0000 2.29

1
40'+03 Vv 1.7279 1.7014 5.0363"+02 S.9210+01I

0254000"-02 7.4429'+02 1.0000 2.6882*-04 MM. -2.119? 1,496*-03 1.1734*,3 6.7304"+02

61030903 0.9890 0.736b 6.7346,+02 NM 25.4372 1.1621 1.0108"*03 8.570b"+02
4.7625".0t1 .5129*tOO 1.1793 3.62951,03 1.14340-04 1.7170 1.6968 S.0213,402 6.97000+01
S.90960-02 7.1002wo2 1.0000 3.62160'-0 NM -0.8810 1.248ON-03 1.1699"+03 6.7960"+02

6S030904 6.3081 0.7173 7.1093*#02 NM 18.6407 1.4899 2.1560*,03 1.70071+03
1.3600~-01 3.65961+06 1.267? 3.309S"+03 3.2032,0-5 1.6337 1.8007 4.68710#02 8.3789",01
9.29610-02 7.0062"+02 1.0000 2.4263'-04 Nim -1.4017 5.3120"-04 1.151"+'03 6.8127"+02

6S030905 S.7454 0.679s 9.S331+'02 1dM 1.7043 1.4551 #.11120+01 3.042a"#03
8.3620'.0a 3.ba810*00 1.3003 3.3607n#03 4.37974-04 1.8855 1.8346 W.727,+02 1.01151'02
t*15530.01 7.6493",02 1.0000 1.9941-04 NM4 -0.4117 3.30370-04 1.19850+03 6.9440+02,

os1s30o. 1.3917 0.6631 1.13971#03 14M 0.1378 1.0977 6,6022"+03 4.4629"+03
8.7630".01 3.6040'#06 1.0793 3.6292"#03 5.0780*-00 106979 1.8681 4.1005"+02 1.1416"402
1.27471-01 7.7?87"402 1.0000 1,66W'.04 liM -0.2036 2.4792*-04 I.1110"403 7.0664*.02

"0030907 0.1536 0.6627 3.16409+03 NM 0.0930 1.0217 2.S%04*+04 1.27%SO,04
9.10-1 397~o 1.9995 7.64590+03 .6.3200-04 1.6233 1.aa00 4.61S90.o2 1.48001+02

4.5W1-01 7.61621+02 1.0000 2.4160-04 "4M 0.2702 2.11602-04 1.1108'i03 b.979940+02

61031001 7.6682 0.9378 0.37730+02 NM 29.7280 1.6010 5.2572"+02 5.2S72*+02
-1.9050-01 3.90190+06 1.0000 3.11991+03 lqM 1.8035 1.7144 6.4722"+02 5.9822"*01
2.5400"'-02 7.6335"402 1.0000 3.8012*-04 NM -0.4066 1.6431"-03 3.1991N+03 6.9018'*02

65031002 7.0148 0.4297 5.6213*.02 NI' 13.4690 1.3909 5,24777+02 5.24771+02
o.oooo*+00 3.72320+06 1.0000 4.1162*4+3 NM 1.8202 1.7002 6.35804+02 6.0322'.01
2.1000.-02 7.1969,+02 1.0000 4.9107'-04 NM -0.1600 l.1900*-03 1.18S84+03 6.87130+02

65031003 7.0909 0.8962 7.1719*402 NM 10.0007 1.3024 9.591PO+02 8.77170,02
4.762SN-01 3.9631~*06 1.0939 5.4525*+03 3.7181s-os 1.8616 1.8382 6.40311.02 7.12674+01
5.9096*-02 7.5915'+402 1.0000 4.4198"-04 NM 0.409b 9.4388"-04 1.20124+03 7.14491+02

416031004 6.2403 0.9028 6.25a1'o~0 NM 13.86%4 1.3614 2.11290+03 1.8104q"03
1-36000-01 3.7340*06o 1.1389 3.1l730+03 2.7197*-0510.9019 1.8601 .4.1060+02 8.59944+0l
9.29601-02 7.8221*+02 1.0000 2.31S64-04 N4M -.0.20 4.0290"-04 1.18044+01 7.10I11+02

61031009 5.7736 0.9S63 6.71730#02 NM 1.1246 1,3658 4.1933'0#0 2.91O21*03
a.38200-01 3.6313*+Ob 1.4409 4,0333"#03 7.7338.00b 1.41S8 1.9020 6.41064#92 9.01RB"+O1
1.15531-01 7.Ib099*02 1.0000 2.3121*-00 144 -0.0817 345127'-04 l.135040J0 6.70340+i02

63031006 S.0309 0.9030 1.26480*03 NM 3.0132 1.3904 6.66221+01 0.3031n*03
8.76304-0l 3.72750+0o I.157 5.2340+'03 6.7142".06 1.9112 1.8987 6.00321+02 1.0789M+02
1.2747'-0L 1.45290#02 1.0000 2.SU124-0o NM 0.1300 3.0309"-04 1.13W+'03 W.90P0,2

01031007 4.3418 0.9179 1.33404*03 rim 0.4002 1.8251 2.6449"#U4 1.52581+04
9014000.01 3.61720+06 1.7330 3.67244+03 1.93270-06 1.9208 1.9281 6.40324#02 1.59341+02
1.453t1-01 7.6010"4032 t.0000 l.1188-04 NO -0.0091 1.05641-04 1.09694+03 6.97621402



6503-B-S

EVALUATLI) DATA - PN1E53'JRE WAED REFERENCE FLObI

RN DZP rIPD HIM 3PD H4IIPO REWDIO HEORPM1~ USTA14
)2p'411 iPw H32P41 H42Poi RED2Pb4D RLDVI~II

6053AL'1l 4.b?91"-04 11.6043 1.5298 -0.1612 8.47355"03 .4 2"3 5.3440-'03
4.U.192"-OqJ 11.6042 1.6296 -0.1812 S.4736".03 2.4329"t93

60S301Qg2 6.7817*-0M l0.0305 1.7676 -0.0196 I1 293"ou 3.6173"401 ?.19911'03
6.7411"-04 10,6305 1.7978 -0.0196 1.1093**0M 3.6173"+03

05030101 1J.'i06"04- 10.4710 1.41990 -0.153b 1.437fl4+04 4 05591'403 6.1560.i0S
~.'563.0M ¶0.709 1.697-001536 1443710+04 q%4 "+49',3

60530104 5,SS64'-04 965756 1:;89: :0:.;61 1.1120'#04 S.0633'-Ol 4.eaqb*-03
5,~417~-Q4 1053921 1.0 1 -0.2 9 104211'+0M 5.11610+03

60530105 2.90570-04 6,8M40 t.4666 -0,3004 S.S545"M0 3.4551"403 2.21420-03
1.01'o" 07453 104664 -0.2900 86.046"+ol 3.J49S60403

650S0190 2.q054,.oa 7.S601 1.61169 -0.2271 46466"44*3 4.al09'o*3 1.47940-03
2.'s0'6-04 7,7503 1.6611 -0.2231 49,86l16+3 4.a6930+03

65030107 1.7-)?71-04 6,0415 1465 -0300 .496*+03 4.963'4*+3 4.30d70-04
1.qaaq"-04 S.6860 1.49115 .*0.1996 8,7407"+03 5.1133*103

05030301 tl.915'-.VA lo.1510 144311 0.006? PI.1192"+04 I.S3290+03 606320I-03
1.9956%-V4 10.1510 146312 0.0667 14119'4*04 2653290+03

6503030i 7,00160-04 I1.30'41 1,711! -0.1136 1,31000+04 1.974?04o3 7.'a33*-o3
7.0116'-04 11.3041 1.7915 -0.1430 503100"+94 l.q424"+03

6S03030.1 .b119?'.04 14.0103 1.6462 301743 I.51960',4 3.1167"+03 7.19340-03
55.61161-04 t4.0103 1.8601 a0.743 1.5I96*#04 3.1lb7"*03

053004 7.03:0 9654 :65 :0:309, 1.793s'o4o 5.0P14"+03 6.1%040-03
05030304 b..0'45'.00 9,8%67 t:,637 0.30 ,19*4b96"

65335 7.5094"-04 0,9344 1.65003 -0.3215 2.19460#04 6.61410+03 S.S973"-03

6534 6 8.173".04 d6.703 :.07 -0,03 2.6734*+04 6.7156"+U3 S.SS97*-03
6.5030100 0,65042 1677 -0.47.8 2.7477vto4 6@97640+03

01030301 1.061so-03 3.0S96 1.706 :0,005 4*6125*t04 1,7483-J04 3,3901*-03
u0.0166-04 '4.6095 1.16071 O0.005 5.2655"#04 l.9131'*04

605030001 3.8539"-0# 25.9531 1.6405 -0J1342 3.6094*03 7.6190"+02 9.0163"-03
A.65401-04 25.9650 14.66 -0.21342 3.00990+03 7..0000+02

05030604 (A.IIS&N-04 16.1034 1,63 0,39 $120!5*03 1.1191'0+0 I.tivul'-O
6.11370-14 16.1037 1.61136 0o.3140 5626540+03 14519t*+3

05030003 d'l.i67.01i 2161676 108M9 -000730 401131*403 1014566+03 6.fl"SIGNo3
1#7461"-0M 21.1%41 1.8335 .0.07190 4.535P4+03 1.14860#03

05030004 5,0971*-04 19.9134 56001 0.0506 ?.0swoo60 a.160#16*03 4.600$".03
41.1493NO14'. 10.9056 1,:6177 0,0530 7.09910+03 1.17400.o3

05030605 3*26AXO-04 15.$Sf*R 1.663% -0.197? S.44641403 1.61600'03 3.%ISSP,03
a.a1S4*-04 15.4604 1.607S -0.1451 5.5171'0#0 1.84010+03

050300t, .1.303V-04 14.0667 1.8432 -0.2706 0.7504*+23 R.4493*+03 3.I0636*03
9.11340-04 13.9043 1,6AM -0.1050 6.86044'03 2.4470"*Ql

6 1030607 5,79150-04 a66166 1.7434 0.00149 1.0466'04v 407104*003 1.3962".03
L,64460-04 6.1460 146331 0.0594 l.M902904 4,9706"+q$

650101001 &.6473:::4 29,6610 1.6080 -0:.017 3.106403 4018940,021 .139w,-ol
3,040'- 39 29.084 1.6040 .0,0 05 7 3.16'0 IT6?'0

030310094 $9S420-i) 43.4711 1,6242 "0,1 %g .87tu ,15.#OR .~l4:9341"-04 P3.4709 142421 -0,5007Q' 6,:11 uS7%03 15.01750',gl 11

05031003 '4,11'G904 16,1050 1,8793 0.4190 4:3114040 7.0133'0+0 0.61940'1)3
4,0%76'.04 16.1 931 1.6810 0.W19 4.35610.OS %00813600

01031004 ..5l-4 1.53 161 013 . 07A4u *40o9 1o 3.71940-03
11.7' 7'-:04 386470? 1'90'0 .' 0.142'4' 1.94I570:03 1,644500+01

$0531005 1.71l5'-o: ?0047440 1,0619 -0.91757 a 9910K+03 6,4646*+0l 2.75190-ol
l31'0 .3660 1.9057 -0,9577 3:0160+'03 6.5200"+Ql

050100 .091'~4 1.365 1.646 0,5I 4:,3009't03 1.006--'03 1.70604-01
1,5009'.06 11.1931 1.90 0.1s09 4 3 760+03 1.09266+q03

05035007 6,0911o 9.51 1:.90361 :0.:0013 l.707?7'u3 9:3617"401 1.115"0-04:172 15--oq a. is 1.99 -000 73 l7?13 +3 9 SA240'01



6503-C-1

65030302 STROUD PROFILE TABULATION 25 POINTS# DELTA AT POINT 19

I Y PT2/P PlPn TO/TOD N/MD U/IUD T/TV RHO/RMHOU/UD

I 0.0000"O00 2.0000"÷00 1.00000 0.92198 0.00000 0.00000 5.21911 0.00000
2 2.500*-04 1.6809"÷00 1.00000 0.90869 0.16520 0.39850 4.63016 0.08607
3 4.5720"-04 2.2245*00 1.00000 0.96185 0.R3506 0.48912 4.32979 0.11207
4 6.8580*-04 3.5840".+0O 1.00000 0.97415 0.31993 0.61827 3.73338 0.16558
5 8.6360"-04 4.03h9"s00 1.00000 0.98210 0.3•307 0.65003 3.59003 O.18107
6 1.a95a*-O3 5.3170"+00 1.00000 0.98533 0.00049 0.71600 3.18834 0.22457
7 1.7272"-03 6.0407'+00 1.00000 0.98667 0.43035 0.74510 2.99775 0.20855
8 2.1590*-0I 6.91*•'t00 1.00000 0.98799 0.46283 0.77428 1.74861 0.27666
9 2.6162"-03 7.8564*'00 1.00000 0.98917 0.9580 0.80093 2.60965 0.30691
1o 3.0800-.03 8.5840"+00 1.00000 0.98996 0.51970 0.81060 2.48070 0.32999
l1 3.4290*-03 9.9841'O+0 1.00000 0.99083 0.55109 0.83977 2.32206 0.3616S
12 4.3180"-03 .0499fo0•1 .00000 0.99222 0.60619 0.87227 2.0705S 0.02127
13 5.5660".03 1.1386,.01 1.00000 1.00776 0.65605 0.90377 1.89778 0.47623
14 6.8326"-03 |.6850.toI o00000 0.99426 0.73897 0.93110 1.58760 0.18649
is 0.1280"-03 2.9500.+.0 1.00000 0.99513 0.79644 0.95034 1.42383 0.66746
16 9.3950"-03 2.809"0Ol I.O0000 0.99621 0.80320 0.96409 1.30730 0.73147
17 1.1%06b-02 2.6993*#Ol 1.00000 0.94713 0.93956 0.98705 1.10366 0.89434
1f 1.3665"-0t 3.0084*00l 1.00000 0.99877 0.99355 0.99824 1.0094S 0.99889

D 19 1.4732"-02 3.0470"#tO 1.00000 1.00010 1.00000 1.00000 1.00000 1.00000
20 1.5824'-02 3.0508+01 1.00000 1.00138 1.00010 1.00072 2.00108 0.99964
21 1.7932"-092 3.0521"+04 1.00000 1.00427 1.00080 1.00228 1.00288 0.99941
22 1.0066"-01 3.0758"$0l 1.00000 1.00763 1.00478 1.00465 0.99973 1.00492
23 2.2149"o02 3.0800"t01 1.00000 1.01139 1.00501 1.00661 1.00225 1.00435
24 2.4333"-02 1.0797"*$1 1.00000 1.02551 1.00545 1.00870 1.006408 1.0020
2s 2.6041*-02 3.0819401 l1.00000 1.0200S 1.OOO 1.01106 1.00981 1.00124

INPUT VARJAULLS YfUTfP

65030302 STROUO PROF[LE TABULATION 29 POINTS, DELTA AT POINT 2S

I v PT2/P P/PD TO/TOD MIMO U/UD T/TO RNO/RHOO*U/UD

1 0.0006"+00 1.0000"+00 1.00000 0.906862 0.00000 0.00000 5.19831 0.00000
2 2.5400".04 1.3868't00 1.00000 0.92743 0.14385 0.30655 4.84225 0.06517
3 4.3434"-04 13.275"+00 1.00000 0.93384 0.13347 0.29655 0.93704 0.06007
0 5.9436b-04 l.72?PO•O0 1.00000 0.94233 0.18895 0.40618 4.62110 0.05790
5 7.4930-04 2.16260+00 1.00000 0.94873 0.22•849 0.4772b 4.36109 0.10941
6 9.85S20.04 3.0934'900 1.00000 0.95685 0.19038 0.57097 3.42059 0.14665
7 1.40400-03 1.6129's00 1.00000 0.96047 0.31902 0.60497 3.71687 0.16549
0 1.4224*-03 1.69921+00 1.00000 0.96454 0.32352 0.62209 3.69772 0.06824
9 1.698"-03 4.4510',00 1.00000 0.97205 0.36011 0.66917 3.44310 0.19379

20 2.27960-0 4.9045.o00 1.00000 0.97670 0.38041 0.69347 3.31314 0.20868
11 2.7076*-03 1.1377"sO 1.00000 0.98487 0.40700 0.7204 3.160476 0.22570
12 3.12670-03 6.01204*0g 1.00000 0.99387 0.425%2 0.74164 3.06619 0.43108
13 3.5039'-03 6.5413"+00 1.0O000 1,00398 0.04098 0.76790 2.96466 0.2590a
14 3.98670-03 %.08094+00 0.00000 1.01074 0.06535 0.78719 2.56150 0.27510
15 4.39171-03 7.15271*00 1.00000 1.01612 0.46176 0.00345 2.71037 0.28887
16 4.8h16"-03 *.?4674t00 0.00000 1.02367 0.50490 0.82341 1.6910 0.30961
17 5.90041-01 9.6007'+00 1.00000 1.02071 0.55346 0.88872 2.4073P 0.35671
I0 7.3762'-03 I.?078*to1 0.00000 1.02e01 0.62774 0.89769 2.044q? 0.43897
09 8.23720-01 1.4515001 1.00000 1.01755 0.67894 0.92932 1.83344 0.50001
20 9.0856-03 1.6494*+O1 1.00000 1.01543 0.7?253 0.936704 1.66863 0.56149
21 9.9263*-03 1.•5%30+01 1.00000 1.01558 0.77043 0.99208 1.52817 0.62320
22 1,1478*-02 2,$48*+,0o 1.00000 1.01001 0.89633 0.9745S 1.29517 0.752•5
13 1,29%1"°0l a.6o50"+01 1.00000 1.00366 0.91826 0.98596 .I•52•9 0.85521
104 t.s06bO-O 2.97770+01 1.00000 1.00000 0.98087 0.99662 1.03238 0.96536

0 25 1.7161'-02 1.0910+01 0.00000 1.00000 2.00000 1.00000 1.000nO 1.00000
a6 1.9398"-02 1.11310+01 1000000 0.99998 0.00327 1.00056 0.99060 1.00599
27 2.1443*.00 3.1207"+0| 1.00000 0.94995 2.00451 1.00076 0.99250 0.00828
28 2.36$04-02 3.1289"M0 1.00000 0.99996 1.00585 1.00099 0.99038 1.01072
29 2.57300-02 1.10289÷0+ 1.00000 0.99996 1.00585 2.00099 0.99038 1,01072

INPUT VARIAOLCS Y.UTP



650O3-C-2

65030303 STROUD PROFILE TABULATION 27 POINTS, DELTA AT POINT 25

I VP121P P/PD TO/TOO 14/1-O J/UD 7/To RHO/RHOO.U/UO

I 0.000O"t00 1.0O0O0fQ 1.00000 D.89487 0.00000 0.00000 5.73549 0.00000
2 2.%400"-04 2.b3334+00 1.00000 0.92770 0.24511 0.51924 4.48772 0.11570
3 0162l.ol-00 3.94Q01+00 1.00000 0.94907 0.31441 0.62S94 3.96350 0.15793
4 b.b04oO"04 5.1263400 1.00000 0.96272 0.364173 0.b9090 3.56829 0.192S4
S 0.5646"-04 6.1313"+00 1.00000 0.9746b 0.402S8 0.734457 3.32939 0.2206S
6 1.1049*-03 b.7922"+00 1.00000 0.98002 0.42560 0.7%962 3.14560 0.2385S
7 1.3233o-03 7.S331"+O0 1.00000 0.99443 0.45063 0.76S34 3.03730 0.2%&57
G I.5794*-03 8.0725"+00 1.00000 1.00048 0.46693 0.50043 2.94234 0.27221
9 1.6942*-03 6.86654+00 1.00000 1.00287 0.4908S 0.51994 2.79063 0.29383

10 2.1?17'-0$ 9.S63S*+00 1.00000 1.01515 0.5I062 0.83901 2.69608 0.31049
It 2.5857'-03 q.63936+00 1.00000 1.01970 0.51895 0.54614 2.66279 0.31776
12 2.9972*-03 1.07370+01 1.00000 1.02320 0.30206 0.8631'I 2.52663 0.34143
13 S.4823"-03 1.0947'tOl 1.00000 1.02512 0.54538 0.86730 2.%013S 0.34673
14 3.7287*-03j I.S1068"#0I 1.00000 1,02S47 0.56187 0.87S39 2,4171S 0.36064
15 4.15041-03 1.1965'tOI 1.00000 1.02547 0.56187 0.87539 2.4173% 0.36064
16 4.5745*-03 i.2090"*01 1.00000 1.02408 0.51M7 0.80360 2.30032 0.37756
IT S.4200'.03 1.29244#01 1.00000 1.02339 0.59797 0.3940S k.2S300 0.349941

*18 6.700so-03 1.aq92'*01 1.00000 1.02100 0.39960 0.891101 2.22310 0.40214
19 8.0035*-03 1.45SV+0I 1.00000 1.0303 0.63588 0.912?3 ?.0550b 0.44325
20 9.29581-03 1.67691+01 1.00000 1.02692 0.68415 0.93395 1.563S) 0.10117
21 I.0579"-02 1.9608"401 1.00000 1.02921 0.70137 0.95S27 l,66028 0.57S37
22 1.1674"-02 2,3213"+O1 1.00000 1.02462 0.80821 0.97275 1.40861 0.67190
23 1.5070'.02 2.77504*+O 1.00000 1.01342 0.88571 0.98378 1.23874 0.79519
24 I.SOOb'-02 3.36921+01 1.00000 1.00315 0,97651 0.99784 1.043.12 0.9%b23

0 25 1.7120"-02 3.42688+01 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
ab2 1.9270'-02 13,5195*+O1 1.00000 0.q9465 0.99866 0.99921 1.00110 0.09811
27 .2.1369"-02 3.50t1i01o 1.00000 0.99627 0.99601 0.99851 1.00501 0.99353

INPUT VARIALILES VU#Tvp

6503O030 STROUD) PROFILE TABULATION 28 POINTAr DELTA AT POINT 26

I y PT?/P P/Pl) TO/TOD M/140 U/UD TMT RNO/RHOO*UIUD

1 0.00001*00 1.0000**00 1.20338 0.89511 0600000 0,00000 4.15089 0.00000
2 2.S400"-04 2,9183"*09 1*20338 0.94108 0.31939 0.56994 3.18620 0.21539
3 4.5466'-00 3.4586.400 1.20338 0,95976 0.3155S 0.61961 3.01011 0.2904t
0 b.8326"-04 4.7567"+00 1.20338 0.96622 0.42693 0.70038 2.b60633 0.31?46
5 0.9404'-04 S.0789'100 1.20338 0.97408 0.44250 0.71887 2.639tb 0.S2778
6) 1.I100*-03 6.40lfl0'00 1.20280 0.98268 0.50301 0.77487 2.37300 0.39276
7 1.31W0'03 7.2951m400 1.20222 0.99237 0.53901 0.80654 a.23571 0.433701.6 l51'0 7.93uo"+00 1.20160 1.00640 0.56420 0.82984 2.16305 0.46091
9 I.7016"-03 S.2700"+00 1.19977 1.01273 0,37683 0.86082 2.12075 0.47478

10 2.l307"-03 4.4461'+00 1.19502 1.01951 0.61M9 0.80695 1.97539 0.5275b
ti 2.b035-03 1.0004'+t0 1.14615 1.02545 0.63790 0.88311 1,41742 0.55104
12 S,0251'-03 1.0622*+0I 1119323 1.02761 0.6%830 0.69531 1.60946 0.17?sb
13 1.4163"-0) 1.0808'401 1614020 1.02702 0.66723 0.s8998 1681896 0.56082
16 1.615V'-65 1.1169,001 1.18775 1.0756 0.b7585 0.90433 1.79062 0.59993
15 4.7117'-03 1.1392*#01 1.17933 1.02530 006826S 0.9068a 1.763SS 0.60662
16 %.s6,?7*.03 l103s 1.16976 1.0232 0.64475 0.90680 W.7379 0.60446
17 6.4603*-0S 1.14p8".0l 1.16009 1.02171 0.69023 0.90882 1.13316 0.60813
18 1.22638-03 1.19aoo'01 1.15001 1.02138 0.69920 0.9t294 1.70485 0.61604
19 6.09504-03 l.1340'*#0 1.113q3 1.02173 0.71191 0.918M 1.66631 0.62782
20 8.9306*-03 1.3012"+Ol 1.12637 1.022nb 0.73240 0.92817 1.60603 0.65096
21 1.0290''.02 1.47l91+01 1.10712 1.0243S 0.74009 0.90805 1.47823 0.71030
22 I.1521*-02 t.999,2'40 1.08915 1.02395 0.81422 0.96061 1.39193 0.75163
23 1.31501.02 l.q92"2+0I 1.06518 1.01673 0.89662 0.98282 1.20150 0.87163
20 l.4la29.02 2.loOS'401 1.04516 L.01005 0.96560 0.99245 1.10104( 0.914173
as 1.66071.02 2.117sn401 1.0?112 1.00374 0.9882 0.99553 1.02B04 0.99181

0 26 1.417b*.02 2.38616+01 1100000 1,00000 1.00000 1.00000 1.00000 1.00000
27 Z.0937"-02 2.4177'tOl 0.98016i 0.998%3 1.00631 1.00061 0.98871 0.99196
a8 2.3020"-02 2.42S4"'O1 0.9S916 0.99861 k.00793 1.00090 0.96b09 0.9735b

INPUT VAR1AM3L YoUTP



6503-C-3

65030305 STROUD PROFILE TABULATION 24 POINTS, DELTA AT POINT 22

I y P72/P P/PD TO/TOO 4/ID U/UD T/ID RHOIRHOO*U/Ur

1 0.0000"+00 oo .00Il+0 0 1.34775 0.8ql3q 0.00000 0.00000 3.7ab1l 0.00000
2 2.50O0"*-04 3.156"tO0 1.54634 0.94360 0.37092 0.ISS0 2.7S351 0.30095
S 4.36880-04 3.Q417"+00 1.34502 0.96405 0.40804 0.66339 2.b4324 0.33757
4 6.4262"-04 Q.bz6z*+O0 1.34370 0.98100 0.44730 0.70945 2.51564 0.37894
5 3.b6bW"-04 6.0S8'*0O 1.3a163 0.99b05 0.51945 0.77864 2.24689 0.46493
6 |.Z725'-03 7.1199"+00 1.33898 1.03573 0.56802 0.8?309 2.09q73 0.52488
7 1.7043'-03 7.9784"+00 1.33SS9 1.02879 0.60285 0.85220 1.99835 0.56957
8 2.20q"-O$ 8.21901+00 1.33114 1.0o504 0.61247 0.86101 1.97629 0.5402
9 1.54001-03 6.6766*00 1.32749 1.03645 0.63036 0.8727b 1.91694 0.60439
10 2.1170"-03 S.77mS5+00 1.32212 1.03u26 0.b3397 0.874T7 1.90435 0.60738
11 3.4392"-03 8.8602"000 1.31674 1.03450 0.03762 0.87631 1.88861 0.1090
12 4.2901"-03 6.9901+00 1.30591 1.03087 0.64267 0.8777b 1.86S42 0.61449
1s S.II05"-03 9.3175*t00 1.24243 1.0?531 0.65459 0.88227 1.81661 0.62769
14 6.0173*-03 9.65qb*+00 1.27631 1.02390 0.6671b 0.88868 1.77432 0.63•2S
IS 6.50970-03 t.O0IOa8,I 3.26077 1.02421 0.80330 0.69749 1.72S18 0.65%89
1b 7.b6s51-03 1.076S*+01 1,2446S 1.02S48 0.70O25 0.90977 1.65938 0.6239
17 8.5776*-03 1.l585"+01 1.22439 1.02634 0.73388 0.92337 1.58310 0.73415
I8 |.0?26-02 1.35754+01 1.18867 1.02931 0.79694 0.9S162 1.42S86 0.79332
19 1.10280-02 1.61964+01 1.14626 1.02700 0.87300 0.97779 1.25427 0.89351
20 1.3635"-02 1.5523"#01 1.10376 1.O143b 0,354 0.990q49 1.12107 0.97519
21 I.51•39-02 2.01091+0I 1.05862 1.OOSOS 0.97571 0.99657 1.04321 1.03129

0 22 1.74b0"-02 2.1099"+01 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
23 1.9157"-02 2.1477R+01 0.95692 0.99502 1.00913 1.00116 0.98426 0.97336
24 2.084*-02 2.1016"÷01 0.91377 0.99735 I.01723 1.002o9 0.97161 0.94299

INPUT VARIABLES YUTeP

65030306 3TROUU PROFILE TABULATION 26 POINTS, DELTA AT POINT 13

I v PT2/P P/PO TO/TOO ;4/140 U/UO T/TO RHO/RHOI*U/UD

1 0.00000#00 1.0000".00 1.65979 0.89379 0.00000 0.00000 3.59146 0.00000
2 2.5400"-04 3$,413*$00 1.65680 0.96247 0.39073 0.63,76 2.64747 0.39779
3 4,267?"-04 4.13700+00 1.01478 0.q8823 0.43840 0.69498 2.51307 0.45762
4 6.3754"-04 9.0391"|00 1.b6549 1.01026 0.48362 0.74603 a.37962 O.7iTT5
5 8.356bb-04 5.94161to0 1.64820 1.02274 0.32976 0.79021 2.22494 O.5837
b 1.3056"-03 6.7605"*110 1,64318 1.02857 0.56833 0.82?27 2.09281 0.64553
7 1.69160-03 7.1721"tUO 1.b3653 1.03022 0.86740 0.83601 2.03018 0.67390
5 2.1361"-05 7,3600b"400 ,62019 1.02572 OS.949 0.04109 1.99842 0.68531
9 a.55786-03 7.6208',00 1,61949 1.02713 0.60616 0.84797 1.95647 0.70195
30 2.9820"-03 7.58954400 1061168 1.02412 0.00483 0.84S84 1.95S77 0.69703
it 3.3960"-03 7.7203N#00 1.60173 1.02252 0.61038 0.84884 1.93397 0.70300
12 3.8202"-03 7.7205"'00 1.54091 1.01900 0.61039 0.873$8 1092729 Ob.9949
13 4.6914*-03 7.887a'"*0 1.56522 1.01632 0.61740 0.85080 1.89900 0.70126
34 5.5321"-03 8.2761"+00 1.53529 1.01527 0.63345 0.86043 1.84506 0.71597
15 6.38560-03 4.1334"+00 1.50294 1.59128 0.43219 0.87393 4.068W0 0.321123
lb 6.7920"-03 9.2065*#00 1.48718 1.01830 0.67034 0.88309 1.73669 0.75648
17 7.b!578-03 9.7353'*00 1.44903 1.01921 0.09010 0.89461 1.67967 0.77180
15 8.5206"-0l 1.0604"M*0 1.41001 .02075 0.72201 0.91152 1.94385 0.80638
19 1.02410-02 I.89201 3.32311b 1.01827 0.79910 0.94491 1.39682 0.89372
20 1.193s"-02 1.550,*0#0 1.3654 1.01249 0.7974 0.97154 3.21998 0.98S04
21 1.362W'-02 1.6W4"s01 1.111435 1.0046 0.93929 0.90604 1.10201 1.03287
22 1.5324'-02 1.9027"0||1 1.07553 1.00017 0.97732 0.99429 1.03503 1.03319

D 23 1.70410-02 1.98486+01 1.00000 1.00000 1.00000 1.00000 3.00004 1.00000
24 1.5793'-01 2.06to0|01 0.92948 0.99956 1.01816 3.00421 0.97278 0.95951
25 1.0419"-02 2.1i6o10+ 0.87056 0.99875 1.03086 1.00679 0.4382 0.91892
26 2.at5s4-02 1..4391"01 0.81665 0.99930 3.03891 1.00892 0.94330 0.87364

INPUT VARIABLES Y#UT#P

65030307 8TROUu PROFILE TABULATION 19 POINTS, DELTA AT POINT 16

I V PT2/P P/PO TO/TOb 14/MO U/UD T/TO RHO/RHDD*U/UD

I O.0O000O+0 1.0000"+00 3.37•30 0.89944 0.00000 0.00000 3.22915 0.00000
a 2.5400.-04 3.1717'+00 303*065 0.97873 0.39901 0.62909 2.41I576 0.85284
3 4.1910-04 3.82024+00 3.3*310 1.00540 0.44608 0,69250 2.38009 0.724)
4 b.314•0-04 4,39650+00 3,354*5 1.0291Z 0.48390 0.73365 2.19807 1,07096
S 3.5651"-04 4.S?50'"00 3.3462S 1.04494 0.149491 0.74905 2.29380 1.09347
6 .2711".03 4,69970+00 3,32045 3.0493 0.50250 0.75180 2.26M29 1.1|059
7 1.6490-03 4.7044*+00 3.2971?S .03578 0.50278 0.75347 2.24577 1.10624
8 2.12.0*-O 6*.315|s'00 3.26345 0.87276 0.58184 0.753S9 1.66861 1.469q6
9 2.5OV-03 4.700o100 3.2191S 1|0$307 0.502%5 0.74162 2.21903 1.08036
10 2.9570'-03 4.8049"+00 3.1*550 1.01887 0.51000 0.71312 2.18415 1.09237
It 3.40111-03 4.qiel.oO0 3.10130 1.01621 0.5154 0.75733 2.16050 1.08712
31 S.160:-03 5.9061+*00 2.64S90 1.01148 0.57480 0.80385 1.91574 1.10801
13 6.174 "-03 8.08R+'00 3.1*210 1.00O70 0.67701 0.8701M 1.6OM32 1.13895
34 S.51664-03 .111.38"01 10.4511 1.00190 0.7V972 0.93048 1,3S374 1.13004
Is l.01229-02 1.489e+01 1.24320 Oq.9982 0.91770 0.97479 1.12808 1.07426

0 10 1l10935-091 171113+0I 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
17 1.3451100a I8.01"÷01 0.4913S 1.00110 1.03st3 1.01010 0.95s23 0.90306
08 1,53.3-0l 90549*+01 0,71970 1.00444 t.07078 |,Oos05 0.90843 0.81978
19 1.7051-02 2.07124+01 0.62435 1.90195 1.10244 1.01883 0.87012 0.74296

INPUT VARIAILES YoUeTlP



6503-C-4

b50304101 STROUD PROFILE TABULAVYflI IS POINTS. DELTA AT POINT 16

I y P72/P P/pD TO/TnO M/MO U/LID T/T2) RHU/PHOO*U/U

1 0,0000~*00 I.0000'400 1.00000 0.42861 0.00000 0.00000 5.57182 0.00000
a a.5'a000-04a 1.6119"f0 1.0non0 0.57766 0.12262 0.31M3 6.46790 0.09814
3 7.0104"-04 2.33413'+00 1.00000 0.76751 0.14961 0.42339 8.00098 0.05247
4 1.11o00-03 W.575"t0o 1.00000 0.895J40 0.23106 0.61093 7.217I'h 0.08658
S 1.559b*-03 g.74901+00 1.00000 0.89445 0.34206 0.75552 4.878S1 0.151187

6 .9762*-03 1.29LI8',0l 2.00000 0.90642 0.3q677 0.804103 4.10646 0.19sa0
7 1.3731"-03 1.77b2'#Ot 1.00000 0.93877 0.46713 0.86004 3.38973 0.25372
b i4.99b?"-03 2.1Sba"+O1 1.00000 0.96669 0.S1963 0.59638 2.97SY0 0.30123
9 6.5557*.03 P.6453"401 1.00000 0.99092 0.57264 0.9266 2.61066 0.39387
10 8.6693*-03 3.2968"t01 1.00000 1.0107b 0.64042 0.9S696 2.24171 0.42774
20 1.0616"-02 4.0531"+01 1.00000 1.03366 0.71104 0.98128 1.90457 0.51122
12 1.2949*-02 5.05731#01 1.00000 1.03210 0.79515 0.99417 1.56313 0.63b01
13 i.5043*-0l 6.3039"f00 1.00000 1.02695 0.86860 0.99851 1.26269 0.79078
24 l.?212"02 ?..22421tot 1.00000 1.00162 0.91270 0.99642 1.09719 0.90513
Is 2.9365.-02 7.7629"401 1.00000 0.99863 0.98677 0.99831 1.023%4 0.9753?

0 1b 2.1461"-02 7.97122"e0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
17 2.3480"-01 7*9717"#02 1.00000 1.00015 2.00003 1.00008 1.00010 0.99998
tS a.5751'-02 7.9335,401 1.00000 0.99949 0.99762 0.99956 2.803l90 0.99168

INPUT VARIASLES V,UfT,P

f65030802 STROUD PROFILE TAMULATION 29 POINTS, DELTA AT POINT 10

I y PT2/P P/PD TO/TOD 14/mo1 JUM T/70 RHO/RHOD.U/UD

1 0.00000+00 1.0000,400 1.00000 0.41498 0.00000 0.00000 5.34840 0.00000
2 4.5400P-94 2.10761+00 1.00000 0.12983 0.14140 0.33212 5.50723 0.06020
3 b.9q16'-04 2.3596'400 1.00000 0.79499 0.053%0 0.42019 7.10062 0.0560S
92I. 7230-o3 6.3917"400 1.00000 0.53595 0.Z1766 0.b1860 %.62792 0.11724
5 9.111W-03 9.27ss5*00 1.00000 0.86329 0.33712 0.713337 4.73237 0.11497

6 1.4519"-03 1.2240"101 1.00000 0.89600 0.39212 0.78791 4.03601 0.145113
7 5.1281"-03 .1.4013"M0 1.00000 0.90619 0.04577 0.81290 3,940811 0.24193
8Sb. 4167.03 I.qI42"*00 1.00000 0.92961 0.49396 0.86604 3.03847 0.28316
9 7.7216"-03 2.a4S52402 1.00000 0.93241 0o.5397 0.88425 2.72182 0.32487
20 q.Ol49".Os 2.6577*t02 1.00000 0.99409 0.16922 0.9062 2.4061? 0.37652
22 2.0279"-Ol 3.2505"+Ol 2.00000 0.95657 0.63665 0.92691 2.11892 0.43715
12 1.1600"-02 3.7l55"*fl0 1.00000 0.96&3S 0.69134 0.99504 1.86192 0.50719
IS 129150"-02 4.251"401~ 1.00000 0.98171 0.74192 0.96084 1.67179 0.572619
24 1.41051-02 9.9977*A00 1.00000 0.99a48 0.00414 0.97179 1.47175 0.46301
25 1.5469".02 5.5599*+01 1.00000 1.0063S 0.89877 0.98850 1.35639 0,72880
16 1.791"2.02 b.A80,10+01 2.00000 1.01627 0.9310510.00215 1.15856 0.66100
17 1.9650"-01 7.4492*+01 1.00009 2.02$21 0.98312 1.00511 2,09464 0.96226

0 103 2.17715"-02 1.6994*f00 1.00000 1.00000 1.00000 1.00000 1.00000 2.00000
19 2.3929"-01 7.7067~*+0 1.00000 0.99217 1.00047 0.99611 0.99132 1.004114

INPUT VARIAI2LL3 Y~lJTp

61030803 STROUD PROFILE TABULATION 27 POINTS# DELTA AT POINT 16

I y PTI/P P/PD TO/TOO, M/140 VU/D /TO RHO/RIIOD*UIUD

1 0.0000"#00 1.00004+00 1.16438 0.4244? 0.00000 0.00000 4.66447 0.00000
2 2.5400"-04 1.7142'*00 1.16436 0.6379? 0.12920 0.32610 6.00306 0.06239
1 6.7310*-04 6.09s0'+00 0.16226 0.58663 0,295a6 0.65147 4.56105 0.15517
9 1.09220-03 9.095o+o0 1.1485% 0,66666 0.36632 0.74727 4.16133 0.20005
S 1.5167*-03 1.1239"#0l. 1.11711 0.90155 0.40710 0.76647 3.72492 0,24439
6 19482~0- 1.2099

m
tol 1.11362 0.91329 0.42597 0.80419 5.57261 0.21972

7 2.37491-03 1.1169mI01 1.21326 0.92112 0.44463 0.82005 3.40M5 0.47803
6 4.4953W.Q3 2.Sa97'+OI 1.23896 0.91016 0.52614 0.6762S 2.77363 0,35967
9 6.67512-03 2.4017"t00 1.22311 0.97071 0.60566 0.91587 2.28651 0.44998
10 8.7732*.03 3.t527"*01 2.21099 0.99266 0.69541 0.91124 1.67067 0.16466
It1 .069a"-08 3.q9t22901 1.09311 1.02621 0.76373 0.96041 2.56468 0.685122
22 1.301J3*'02 9.09321fo1 1.07611 1.03089 0.866697 1.00295 1.26087 0.64315
13 1.5174*-Di 9.771IN+02 1.05708 1.01119 0,94411 1.00518 2.23331 0.931117
14 1.7323*-Ql 6.t791$0#0 0.01647 1.02119 0,97720 2.00376 2.09524 0.96602
25 1.9439"-08 6.4396"M2 1.05267 1.00131 0.99774 2.00047 2.0054? 2.026110

0 06 8.05W.-02 6.46S6bu+o 1.00000 1.00000 1.00000 1.00000 2.00000 0.00000
17 2.2636*-0l 6.1501?001 0.96692 0.99960 1,00666 1.00052 0,94744 0.98165

INPUT VAWIA31ES vUtylP



6503-C-5

65030804 3TROUU PROrILF TABULATION 15 POINTS, DELTA At POINT 12

I y PT2/P P/PD TO/TO0 1/MD U/UD T/TD RHO/RHOO*U/UD

I .OO000"tOo t.oooo0"Oo 1.35O54 0.42282 0.00000 0.00000 3.86374 0.00000
2 2.5400"-O4 3.5585"t00 1.35720 0.71436 0.24109 0.50753 4.43163 0.15543
3 6.3246"-04 1.0022"toO 1.35554 0.83640 0.42685 0.74593 3.07847 0.32977
4 1.010"-03 1.3454-#01 1.35054 0.87215 0.49776 0.801t2 2.64204 0.41360
S 1.4097-*03 I.5672"t0i 1.34499 0.68668 0,5$866 0.83725 2.415qO 0.46612
b 1.8S42"-03 1.74080.01 1.33805 0.01O5 0.5b561 0.85s88 2.26988 0.50499
7 2.26020-03 I.9082'tOl 1.33139 0.91057 0.59606 0.87161 2.13803 0.54269
B 4.37901-03 2.46121#00 1.20762 0.93611 0.687808 0.91098 1.800613 O.653
9 6.51266803 3.0384"t00 1.22537 0.961M9 0.?5569 0.94245 1.55S48 0.74246
t0 0.8660-01 3.7371'001 1.15345 0.96841 0.83931 0.97212 1.13A51 0.63587
11 1.0705"-02 4.6044"f01 1.05862 1.00474 0.93274 0.99/427 1.13269 0.9245O

0 la 1.29$36-02 S.a8s54"+0 1.00000 1.00000 1.00000 1.00000 1.00000 10.00000
Is 1.5103"-0p 4.0089**01 0.93478 0.99304 0.09135 0.98270 1.21548 0.75576
04 L.7181'-02 4.?840401 0.68454 0.98864 0.89936 0.98169 1.09148 0.72860
15 1,92Z2*-0? 4.1766"401 0.85734 0.98675 0.8789 0.97907 1,215q4 0.69033

INPUT VARiAaLES YUTp

65030805 STROUD PROFILE TABULATION 20 POINTSe DELTA AT POINT IQ

I Y PT2/P P/Po TOTOD Ml/,l0 U/UO T/Tn RHO/RHOUtU/Uo

1 0.00001+00 1.00000+00 .757.2 0.43644 0.00000 0.00000 3.55423 0.00000
a 2.5100*-04 .16?6'0O0 0.?s75? 0.83765 0.31663 0.63358 3.g5394 0.28134
3 4.7732"-04 7.0880eooo 1.74870 0.89136 0.40A30 0.73731 3.37596 0.36095
4 6.31300-04 10.860+j01 1.74703 0.91826 0.49635 0.61703 2.70957 0.52079
S 9.L948*O4 1.40•99*O 1.73998 0.94794 0.S4635 O.85770 2.46449 0.60535
b 1.1430"-03 1.4207"M0O 1.73460 0.95883 0.56607 0.67219 2.3740U 0.63727
7 1.3009'-03 1.8435"t0l 1.72940 0.96817 0.58920 0.08318 2.25091 0.67917
8 1.7450"-03 $ 1,8394+01 1.71529 0.97130 0.02510 0.90290 2.08629 0.74a34
9 2.1692'-03 |.9880+"01 1.69952 0.97595 0.84634 0.9128? 1.9q047 0.77775
10 2.5908*-03 2.08030+01 1.67836 0.97997 0.6b8q9 0.92015 1.91000 0.80564
01 2.9972'-03 ,l2.149"+ 1.65906 0.98S06 0.67620 0.92723 1.88031 0.61813
1Z 4.24180-01 2.8m8o861 1.58352 1.00134 0.71363 0.94635 1.75801 0.85225
13 5.3137"-03 l.%967"tol 1.57209 1.01548 0.714376 0.9b027 l.870405 0.87801
14 6.I897*-03 2.936"01 1.43764 1.02767 0.75917 0.9711 1,53462 0.9163015 7.462SO-03 M.265*+41 1.36024 1.03073 0.63180 0.96058 1*41249 0.99202
lb6 .9154'-03 3.720o0t)0 1.23119 1,0abga 0.59371 0.99608 1,Z47t0 0.99015

18 1.06W0-02 4,36•2"÷01 1.08090 1.01062 0.9657.1 1.00137 1.06852 1.012*9
D 9 1.1694"-02 4.6453"+Ol 1.00900 1.00000 1,00000D 1.00000 1.0000•0 1.00000

INPUT VARIADLE$ YOUITOP



6503-C-6

65030806 STROUD PROFILE TAeVLATlON 17 POINTS, DELTA AT POINT 1b

I y PT2/P p/I'D TO/TOD 14MO U/UD Y/TO RHO/RHOýU/0J

I .0ooo"foo 1.000oo.00 2.0d343 0.114084 0.00000 0.00000 3.26108 0.0000a
2 2.5400"'-04 5.157,59"+00 2,06144 O.I70W IQ,35119 0.610?8 3.01636 0.02112
3 5.2324"-04 6.45I821+O? 2.0118 0.95563 6.4'l1I1 0.7#1451 3.15335 0.51596
4 1.1626"-04 I.0967"tCt 2.064043 0.97210c O,30471I 0.83473 2.13'447 0,63008
5 9.47420-04 1.2620'+O1 1.05620 0.9783a 0.$4310 0.85947 2.50731 0.70SPS
6 1.315?".O3 1.4396,'.OI 2.14171 0.9629t 0.58147 0.8A160 2.29872 0.16304
7 1.6358"-03 1.s15a~f1 2.02298 1,2058 0.$9706 0.90575 2.30132 0.79671
* 2.1004*-03 t.600,0ýil 1.94389 1.02139 0.61742 9.91520 a.197122 0.830S1
9 2.58060-03 1.489'0401 i..9%642 L.02107 0.63145 0.92096. 2.12718 0.84790
to 10 .94640-03 1.74040+Ot0 1.92706 1.01942 0.64115 0.92417 2.01708 0.SS703
11 3.99290-03 1196081+01 1*82304 t.01701 0.68278 0.93848 1.88923 0.90sb0
12 5.0724"-03 2.107R6+01 1.46576 1.02344 0.74045 0.9s97i6 1.61820 0.96918
0 1 6.1747".03 a.0of0.01o 1.14116 1.01864 0.80302a 0.97856 1.40348 1.01701

*14 7.115?'-03 3.133A*+OI 1*36464 1402410 0.60673 0.989841 1.30133 1.03129
*IS 6.2900'-03 3.428301 1.17710 1.01174 0.93205 0.99515 1.M037 1.0249

D 16 9.3a4so-01 4.16404#0I 1,00000 1.00000, 1.00000 1.00060 1.00000 1.00000
17 IT .14914.0 4.416DO0I 0.8'5496 0.9953 1.9093 0.99689 0.937q6 0.90791

*INPUT VARIABLES YUfT#P

6 5030807 ITROUD PROPILE IASULATION 14 POINTSo DELTA AT POINT 13

I y PW~P AMP 7WTOD HMON U/UO IMT RNO/RHOD*UIUD

I 0.00006to0 1.0O000*104 3.703*1 0.44775 0.00000 0.00000 1,59424 0.000000
2 2.5t00*-04 4.S673vio0 3.699s1 0.8a580 0.376s5 0.63531 1.84970 0.82454

*3 4.62608.0td 13046*400 3.61865 0.96104 0.39487 0.70487 .16652 0.80046
4 7035'-0 4.198oQ0 3.54702 0.98069 0.43635 0.75856 2.9550:25

5 9.529"0 a 18,008406 3.d9960 1.00571 0.5094a 0.81045 2.59668 1.10643
4 .ý11394.01 1.17010.000 Se7011 1.00790 0.5Aq01 0.80849 2.38844 1619731
'I 1.526s*-03 l.0141*01 3.17771 1.01014 0.55966 0.85606 1.33951 I.1993%
8 .VSG3".03 1.1493.0l 2.91646 1.01160 0.59754 0.87849 11.1614% 1.18924

9 l.4S~3 1.5@l41#01 2.42931 1.010049 0,63749 0.89853 1.#8663 1.18922
10 9.66734-03 1.7160t01 1.94416 1.01091 0.75300 0.90509 1.574320 ,16640
It 1.3426*-03 *.4623"f0l 1.423408 1.00947 0.88472 0.96014 k,23073 1.13710

Q 3MOS01'0 1,74150*@1 1.24094 1600729 0.93791 0.94200 1.1106S 1.10043

0 k3 k.6914-0 3.1327:0+0 1.000040 1.00000 1.00000 1.00000 1.00000 1.0000011 1,11410.759'Ol 1,119 O,9941 1.04811 0.10029 1.91160 0.8317



6504-A-I

S: 1.0 Rising to 3.0 6504
. R THETA X 10"3 : 3-10

TW/TR : 0.80 - 1.0
FPG - MHT

Special purpose extension of continuous running tunnel (see text). W - 0.4 m, H - 0.14 to 0.42 m,
PC : 0.13 MNIm2, TO : 34 K. Air. 8 < PE/m X i0" 6 < 17.

PASIUK L., HASTINGS S.M. and CHATHAM R., 1965. Experimental Reynolds' analogy factor for a compressible
turbulent boundary layer with a pressure gradient. NOLTR 64-200.

The test boundary layer was formed on a flat plate model (W - 0,305 m, L - 1.51 m) placed with its upper

surface on the centre line of the tunnel. The leading edge (X - 0) was chamfered on the under side at 50,

and placed at the tunnel throat. The space between the edge of the plate and the tunnel sidewalls was
filled with fibre glass spacers insulating it thermally and electrically froqn the tunnel walls (the size

stated in text is not big enough unless there are two on each side). The nozzle blocks were construnted
of wood, On the upper (test) side the contour was chosen to give a predicted constant value of the

"Pohlhausen parameter" (9c/ve) (To/Te) (due/dx) for x > 0.4 m. The block ended at X % 0.935 m when the

height above the plate was 0.197 m, The plate extended about 0,61 m beyond the exit-plane of the nozzle,
The plate was actively cooled.

6 There were three static tappings and three thermocouple plugs, located at X - 0.287, 0.592 and 0,898 m. The

thermocouple plugs contained four Junctions, the uppermost at the plate surface and the others buried at
8 Intervals of 3.18 mm. These were mounted on the centre line, with the static tappings 12,7 mm to one side,

7 Pitot profiles were measuivd with a CPP (dI - 0.659 m) and temperature profiles with an ECP (U a 50,
d x 1.2 mm) as constructed by Denberg (1961), The Pitot probe was also used for a longitudinal traverse

9 in the free stream Just outside the boundary layer, Values of static pressure and Mach number deduced

from this were used in reducing the profile data. The static pressure values agreed with those measured
at the orifices, and accordingly the pressure was assumed constant through the boundary layer. The wall
heat flux was deduced from the temperature profiles in the thermocouple pluqs. The recovery factor used

10 by the authors was 0,88, No profile corrections are reported.

12 The editors have presented all the profiles measured, and have Interpolated the author's TO profiles to
the V-values of Pitot measurements, The D-state has been selected by the editors. The wall temperatures

13 are our Interpolations from the three measured values. The profiles consist of three series of nine
profiles, each at a different wall heat flux condition, Series 01 is for a near-adiabatic wall, while

14 series 02 and 03 describe flows with increasing heat transfer rates, Where available the experimental

heat flux Is also given.

j OATA; 6504 0101-030,. Pitot and TO profiles obtained separately. NX - 9. Some heat flux measurements
determined from the temperature gradient in the wall.

15 Edi tqrsI coremnt'

The description of the experiment and presentation of the data In the original source is far from completo.
The data Itself is rough and generally of doubtful quality,' but Is presented here as the only other case
of a relatively strongly accelerated flaw with heat transfer results is the channel wall study of
Voisinet & Lee - CAT 7304 at higher Mach numbers. Adiabatic studies, also on channel walls, were made by

Michel et &l. - CAT 6902 and Thomas - CAT 7401.

In no case do the measuaements extend in as far as the momentumdeficit peak, so that integral values should
be treated with reserve. We have traniformed the profiles using CF values as correlated by Feorholz (1971),
and the wall-law plots indicate that CF Is substantially higher than for a zero-pressure-gradient flow.

This is a straight-wall, reflected wave, flow, end norml pressure gradient effects are expected to be
negligible, as reported by the authors.



6504-B-1

CAT 6504 IIASZUK BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUIN MD * TM/TR 4C02W CF HIR Hl?K PM PO
X POD* PIW/PI* REOZO cc H 32 H12I( TW* rD
Rl T0OD 3M * D2 P12 m4? D?K UD T4

65040o .101 3,,0 ~~o 020?.03 NM 2.594(7 1.5591 4.1046"#4O' LJ,1ddb8"04
2~b.622"-O01 .3215"+05 t.0000 3.7117"#O1 Nm J.8271 1.8239 3.1ii24+OR 2.4216'+02
INFINITý 3.3722,402 ).0000 2.2265*-04 NM -0.1b04 2.48:70"-04 4.17W?+0Z 3.2734"*02

65O01000 1.6895 0.9665 2.716b60+0 NM a.7370 1.3101 2.72W+~04 2.7200"+04
2.5650~-01 1.,s2154.05 1.0000 3.674b"tal NM 1.8437 1.4390 3.I36?04O2 2.14b7"402
INFINITE 3.374a0+02 0.0000 2.3761"-04 NM -0.0299 2.69bl"-0'4 'i.9631*.02 3.24480+02

bs0omt00o 1.9740 0.9660 3.72~00#03 NM 3.0091 1.3929 1.1580+0O4 1.7S86*,04
3.901a*.01 1.12150#05 1.0000 li.55S00#0S NM 1.8366 1.8292 3.1091"+02 1.8952"4+02
INFINITE 1.37201"102 0.0000 4.02190-04 NM 0.0119 4.8282"-04 5.4i486"+02 3.2186"+02

60040106 2.25iu 0.9666 3.4'I810+03 NM 3.26A9 1.3516 1.1411"+04 1.0ldI",04
£d.90730-.01 1.10150tfl5 1.0000 6.162S10+03 NM 1.8378 1.0264 3.08904+0? 1.6749"+02
I1dPINITf 3.17W+~02 0.0000 S.39W6-04 NM 0.1429 6.7180~-04 5.84L090+02 3.I957'eO2

bs000105 2.4925 0.9078 3.76630',03 NM 3.7875 1.333a 7.82521+01 1.8212m+03
*5.91310-01 1.32154#05 1.0000 6.6264"+03 NM 1.6385 1.62(08 3.fl755o.? 1.5fl361+02

INFINITE 3.3720Woo 0.0000 6.44013*..04 NM 0.0760 5.3757*-04 6.1Z820+02 3.1779P4.02

65000106 2.6790 0.9673 3.7014*030 NM '6.2224 1.3I22 S.86aeu+03 5.86220+.o3
b.9494"-OL 10.215"#45 1.0000 7.33?40+03 UM 1.8167 1.5204 3.0620"+02 1.3947"40U2
INFINITE 1.1722"t02 0.0000 7.6053*-Od NM 0.02832 1.038I*-03 6.3201"0+0 3.1bss"02

bs654000 2.8260 0.96'8 3.771SO+03 NM 4.5363 1.3196 4.80Ql"+03 4.b8Ql*+03
?.95i53'..00 1.1215"MI 1.0000 7.7547?4+03 NM 1.8333 1.8152 1.04630+02 1.296'i0+0?
INFINITE 3.37ai"402 0.0000 ft.724SO-0Ll NM 0.0$16 1.23W-'03 6.4563"+D?2 3.15650+02

6SO40108 1.9560 0.96%9 3.969?,+03 NM 4.7913 1.3065 3.846'b"#03 1.6436"403
0.9611'-Ql I.l. 5sftl 1.0000 8.589840+03 NM 1.8340 1.8151 3.0417"4+02 127~0
INFINiTt 3.1722*402 0.0000 1.03761-03 NM 6.0587 115058".03 6.s5o1q9oa0 3.14192.0+0

6590t010 J.9730 0.9662 4.05s7"4.01 NM 4.8o14 1.3065 3.7465"*03 3.7465"+03
9.231%4*.0 1.32154tuS 1.0000 6.835?*#03 NM 1.8303 1.8123 3.0417.32? 1.M21+02
INFINITE 3.17W+~02 0.1000 1.0774"-.03 NM 0.0461 1.5838"-03 6.5196.0*0 3.1462"W0

0%04O?01 1.6030 0.0164 2.4048"$03 NM 2.5688 .0.641 1.14600~+0 S.1'460M+04
a,b62.V-aI 1.34oo*4oS 1.0000 3.0401'o03 NM 0.6526 1.4499 a.9909"*02 2.2348"+02
INFINITE 3.3833"f0i 0.0000) t.88A4-04 NM 0.0835 2.08710-04 4.8047"+02 3.2639,0#0

6SO01620 1.7470 0.q14! 3.pabqo.03 NM 2.C;972 1.4756 a.3496",04 2.349$0404
2.5b51".0 1.1044U405 1.0000 4.35363P#03 1.S141"-04 0.84RS 1.8445 4.9841"+.02 9.0SS7"+0?
INFINITE 3.3833,402 0.0000 2.8940"-04 NM 0.1s78 3.21011-04 S.16560+02? 3.24530+02

65040203 Z.0680 0.9018 3.6506N#03 NM 2.8438 1.4045 0.S5050*04 1.54001+04
3.90140-01 1.13040.05 1.0000 S.3195"+03 NM 0,8417 1.3348 2.9435*40? 1.8216*40aIINFINITC 3.1833*4.02 0.0000 4.0325"-04 NM 0.2241 40?603'-04 S.S492"40? 3.2211*+02
65000200 2.326U 0.9091 3.4117"+03 1dM 3.0231 1.3442 %.U320'04 1.0320*.04
4.9073'"01 1.3'440#0%. 0.0000 5.5302*4.03 NM 1.8615 1.0552 Q.9097"+.02 I.62'i0'0+2
INFINITE s.31153"#Q2 0.4000 0.6429*-00 NM 0.&)650 5.6481.0-04 5.99491+02 3.2005"4.0

65040205 2.5:60 0.9015 3.4766*+03 NM 1.5891 1.3282 7.17.3 7.21071+01

14FINITE 3.3833*4.02 0.0000 5.S8084-04 NM4 0.2342 7.4613".04 6.2066"+02 3.18400+0?

691194".01 1.1440"#05 0.0000 1.0818*+v13 NM 1.40506 1.8301 P.569'"+02 1.3567P402
INFINITE 3.14143toa0.00 7.4102*-04 NM n.209? 9.7181"-04 6.382'4+02 3.17960+0?

650010207 2.9120O 0.9809 3.76430+03 NM 4.2385 1..)040 0.171M4*#03 4.177(0*4.0
7,495334.01 1.34401#05 0.0000 7.5920*4+03 NM 1.#418 1.5283 a.645884. l.a550w+02
INFINITE 31.833"#D? 0.0000 0.64?1*-04 NM 0.2695 1,0051"-n1 6.5400#402 3.1620*4.02

610002o8 3.0190 0.910oS1.426024+0). N14 4.4488 1.3081 3.5540#013 3.5%biot03
4.96I0o-o1 1.34401+.05 1.0000 G.?.621003 1.21bo-04 1.8354 1.8185 a.6420*#ol 1.19S5"f02
INFINITE 3.3633*+OZ 0.0000 t.010-40) NM 0.2938 1.43I5s.U3 6.626IM4.02 3.1561'002

65040209 3.0410 (1.9000 4.0!010+03 NM '6.3023 143135 3.4410"M0 3.4410V'01
9.231%4-01 1.1440~4+0S 1.0000 8.4913'4+01 NM 1.6308 1.8133 2.64ao"#02 t.16?ij"M
INFINITE 3.363.10+02 0.0000 1.0;00103 Nm 0.1975 1.5126q-03 6.6437*#0lI .0I49$02



6504-13.2/C-I

CAT 65041 1' AS I U BOUNDARY CUN4ITIONS AND LVALLJATED UATA. 31 LJNTTS.

RUN MID * lW/TR R.MW CF 7 412 lit2N 4 PDX PM7* PW/Pb* RED.2D CQ Hs H2I32K Iw 71) T
RZ TOD* sw * 02 P12 MO' D211 UD IR

b50'J0301 1.5980 0.8768 2.4a15'+03 14M 2,5070 1.6452 3.0844'J+044 3.oA94"tOll
2.6822*-0I I.I3071405 1.0000 3.0205'+03 14M 1.62744 1.8201 2.8717'+U2 2.24b69-+02
INFINITE 3.3944"#02 0.0000 1I.11350-04 14M 0.1555 Z.11156"-044 44.8026'410? 3.2751"+02

65040307 1.7510 0.8767 3.e4O*+ol N~m A.5007 1.4761 2.011451.'+044 2.0514"+044
2.8651*.01 1.30711+05 1.0000 44.9269"+03 2.'45781-044 1.82a3 1.8191 a.as~aioa 2.11T42"+02
INFINITr 3.3944"+01 0.0000 3.3219*-044 NM 0.1674 3.76S1'-O4 5.0926*+O2 3.26034+02

(13040301 1.9830 0.8677 4.4S24"'+03 14M 2.6770 1.14071 1.7153'04.0 1.7153"4.044
3.901'4~0I0 1.S071"+05 1.0000 6.13J9.0+0 'NM 1.6244 1.619S 2.5106"+02 I.9001".Oa
INFINITE 3.39'44'+02 0.0000 4.S492*-O4 Nu 0.2230 5.311S*-044 5.aOS",.02 3.2390"+02

6504403044 2.2490 0.86t0 4.44I97'+03 14M 3.0739 1.3603 1.1322*+044 1.1322"+044
'4.9073*-01 1.3011~0fo 1.0000 6.714470+03 N4M 1.63q3 1.8a95 2.7699"+02 1.6874",02
INFINITE 3.3944~*o2 0.0000 5.6583"-04 N~M 0.1928 b.036s"-08 5.897s"+02 3.21690+.02

650440305 2.41400 0.8501 44.39371+03 NM 3.26440 1.34458 d.39971+03 8.399?*+03
5.9131'-01 1.3071',40 1.0000 7.05251+03 2.3641"~-04 1.8299 1.5212 2.72,13"+0? 1.544950+02
INFINITE 3.39440+02 0.0000 005610"-044 NM 0.2863 5.2171'-044 6.0596'+02 3.2026*402

650440306 ?.6600 0.844344 4.55314"+03 N1M 3,5599 1.3095 S,9705",o3 S.9706*+o3
6.94494*.01 l.1071"+05 1.'1000 7.90004'103 Njm 1.81453 1.5326 2.080+0?o 1.'405154+0?
INFINITE 3.$9414"402 0.0000 8.2?%.2'-04 NM 0.3059 I.04486,-01 b.3228*+02 3.187ks"+021

650140307 2.8290 0.5376 4.448801+03 N4M 3.8516 1.Z96M 44.6082"+03 4.6082*I03
7.9fosl".01 1.10710#05 1.0000 8.26154*+03 NO 1,84417 1.8280l 2.bb612,,a 1%3052"+02
INFINITr 3.39144*+OJ 0.0000 9.44990*-044 1M 0.3278 1.2ai7-os 6.4AO0#0~2 3.1172"+02

b0040108 2.9360 0.0265 4.87921+03 NM 4.,0922 1.3269 3.9182"+03 3.9152"+03
8.9611,-Ol 1.3071"+05 1.0000 9.281444'+03 2.31103*-00 1.81119 1.0045 2.5273"+02 1.0061"+02
INFINITF 3,19144"+02 0.0000 1.13191-03 NM 0.3S3o 1.5600"-03 6.5712"+02 3.1714l"+02

61044030q 2.9360 0.62614 5.18390+03 INM 44.1219 1.34437 3.ql8a"403 3.9162"+03
9.215414-01 1.31011"+05 1.0000 9.81439*+03 NM 1.8133 1.1q62 2.6205"+02 i.014b1"+02
INFINITE 3.394414+02 0.0000 I.?00l-03 NM o.3245 1.6620"-03 b'.5712-+02 3.1710"+02

65040101 PASIUK PRorTLE 1AIIULAT0N it POINTS, DELTA AT POINT 11

I V PT2/P P/PD TO/TOO N/MD U/UD T/1D RH/RI4OI)*U/UL)

I o.000n"t00 I.o000"too NM 0.912o0 0.00000 0.011000 1.29767 0.00000
J1 2.7940"-044 J.7976'+00 NTm  

0.98500 0.6816b U.73080 1.16001 0.62996
5 4.3b40'-014 1.4563"+00 p 0.941503 0.73370. 0.77879 1.14384 U.68065
14 5.33"0o'.0s 2.01554+0L NM 1.00200 0.75161 0.7Q457 1.104flA 0.69599
5 7.67411"-044 2.11798"+00 NiM 1.00700 0.79O00 0.4358b 1.12186 0.7'4$07
6 l.0414".03 2.2qj7"400 UM 1u00700 0.82798 0.86170 1.104495 n.17986
7 1.29514"-03 2.4338"1'00 NM 1.00700 0.o6296 0.8191 1.08510 0.8?130
8 1.5444"-03 2.6500"t00 NM 1.00d00 0091363 0.93268 1.05726 0.88.17
9 2.9210"-03 3.02134+00 NM 1.01,300 09,9'458S 0.1115144 1.01868 0.97b89

10 S.6358*-o3 3.0527".0o NM 1430100 1.00000 1.00000 1.00100 0.94900
D 11 7.0355"-05 3.0527"+00 iM 1,001000 1.0000 1.00003 1.00000 1.00000

INPUQT VA414ISLLS YsM,TO/T10 ASSOU!HEPHIP

65040105 PASIUK -PRUFILE TABUL.ATION 13 POINTS, DELTA AT PUINT 13

I y P12/p P/PD 'TO/TOO m/Mn Uu/D 1,70) RMD/RMHOD*U/UD

1 0 .00+00 .00.Om"0400 NM 0.91220 0.00000 0.0(0[00 2.014562 0.O0000"
2.19140-04 2.94470'600 NM 0.94012 0.148696 0.4p511 1.620443 0.38435

3 4d,06'40"-04 2.3652400Q NM 0094712 0.50261 0.0.,4180 1.61bi54 0.39702
4 5.3314o'-044 a.8005,+Io NM 0.9s211 0.5-1229 0.67113 1.57918 0.4424498
5 7 .S740-.044 3.1 "1"400 NM 0.96210 0.57401 0.710444 0.53082 0.46409

6 1 .04414"-03 3.¶56to"oO NM 0.96704 14.61933 0.1'3066 1.401a7 0.51111
7 1.295Q*-03 1.9513'400 Nm 0.97008 0.656R4 0.78155 1.41M1 0.SS153
a 1.54494".03 4.l0?4't00 NM 0.97308 0.67063 0.79323 1039980 0.56048
9 2 .9*0'40"1 5.19840+00 NM 0.951405 0.76695 0.064013 1.27M95 0.05362

10 i.664'2"-03 6.79119.400 NM 0.99902 4.568849 0.941441 1.13a94l 0).538
i 0.332"0 7.6612'+00 NO 1.004401 0.96069 0.980s0 1.0o080 0.93488

12 I.1024".02 6.3867"~+00 NM 1.001000 0.9q4118 0.947?9 1.00725 0.99001
D 13 1.36'11"-42 0.47800+00 NM 1.00000 1.00000 1.00003 1,00000 1.00000

114PUT VAR*IULL3 YOMOTQIT0D A381UMEI'ID



6504-C-2

65040109 PASIUK PWIrLE TABULArION Pt. POINJTS, OELTA AT POINT 20

I IsTZ/P0 P/PD TI/TOD N/mb U/Ur) T/TD RHO/I0KOD*U/UD

1 0.10000"00 1.0O010"+00 Nm 0.90100 0.000no 0.00000 2~.49461I 0.00000
2 2.79.40'-04 2.S7521+00 to' 0.94605 0.4Z247 0.59550s 1.q9044 0.29918
3 Ls.D840"-Q0 2.71.80."0O JIMI 0.45403 0.4429q 0.61"192 1.96047 0.3l5tq
4 5.3310'-.j4 2.8980"+00 NMA 0.95904 0.41,610 0.63188 1.9'4070 0 .325hju
S 6.60401-34 1.0355*+00 yN" 0.96104 0.46956 0.64S~91 11-911391 0.33140
40 7.6740*-00 S.1590+0'0 14M 0.96104 0.461,j3 0.657q3 1.88706 0.34365
7 9.1440"-04 3.4095"+00 'NM 0.96104 0.50420 0.68063 1.83516 0.37088
8 1.0"1W~-03 1.54328a+Q Nm 0.96104 0.51788 0.69350 0.80492 0.38421
9 1.16591-03 1.66871+00 N

m  
0.96J104 0.52674 0.10216 1.78461 0.3q4331

to 1.2954*-43 3.1176P+00 NNM 0.96104 0.51562 0.71061 1.76442 0.40274
11 1.41241-03 1.8825*+00 ;4M 0.96104 Q.54457 0.7156Z 0.74508 0.41190
12 1.5494'-03 3.4S27"#00 N-A 0.96104 9.550?9 0.72314 0.73250 0.411777
k3 2.92100-03 q.A365-t00 Nm 0.96903 0.61756 0.78089 0.45W00 0.48745
14 5.63615".03 6.52hei~v'0 .4m 0198701. 0.7281.6 0.86106 1.40937 0.61103
15 6.3312"-03 7.5009"f00 N- Q.9q700 0.78540 0.84 631 1.3a2003 0.67901
16 1.0998"..02 q.5254"400 :4M 1.0011)0 0.8900.9 0.95282 0.15001 t0.e?568
17 1.1691".032 1.05834"M0 1116 I.0000 0.94246 0.97612 1.08222 0.90196.
18 1.b358"-02 1.1250~*+O NM 1.00500 0.97309 0.98914 1.04027 0.95065
19 1.90W5.02 1.17091+01 Nm 1.00300 0.99361 0.997"?7 1.01123 0.98600

0 20 2.1692"-02 1.185dl*401 N~t 1.00000 1.00000 1.00000 1.00000 1.00000
21 2.4384"-Q? 0.16541+01 N" 0.99900 0.U00040 1.0000D 0.99900 1.001000

INPUT VARI4ABLES Y#XT0/TOLP A33UMEPmPO

85040301 PASIUK PInFlILE TABULATIION 10 POINTSt DELTA AT POINT 9

1 y PT2/0 P/PD TO/TOD 111140 UIUO /TOT RHO/Rt-103*UIUD

I 0.0000("+00 1.00001+00 NM 0.84431 0.00000 0.00000 1.27512 0.00000
2 2.79'I0*-04 2.16W+~01) Nm 0.93513 0.69524 0.74767 1.13302 0.65989

*3 S.1340*-04 ?.4221'*0O NM 0.96808 0.73407 0.60098 1.1333ti 0.700741
4 8.1230"-0'o 2.6531"+00 NM 0.97904 0.50163 0.84248 0.11359 0.79655
5 1.3208*-03 3.0353*.t00 Nm 0.98703 Q.87359 0.90253 1.07293 0.84114
6 1.6286"-03 3.401,70+00 Ol 0.99800 0.93742 0.95301 1.04066 0.90579
7 2.11141-03 3.9113"l00 NMK 1.002001 1.00752 0.00271 0.99016 1.02278
8 2.9210"-03 3.7847*+00 NM 0.00200 0.9q750 0.99807 1.00369 0.994s0

o 9 a.2612".03 3.7969*+00 tiM 1.00000 1.00000 1.00000 1.00000 1.00000
to0 5.6642"-03 3.79691+00 NM 0.99800 1.00000 1.00000 0.9g880 1.00200

*INPUT VARIABLCS Y#M#TOIT0D A53UHE PvPD

85040305 PA8ZUI( PROFILE TAMULATInN 12 POINI8, DELTA AT POINT 12

I Y PT?/P P/PD TO/T00 14/MO UluO 7/TO *140/RIODaU/UD

1 0.0000*+00 1.0000"+00 Nm 0.80236 0.00000 0.00000 1.1,5774 0.00000
2 2.7940*-04 2.72471+00 NM 0.87421 0.53421 0.65488 1.42942 0.458.4
.1 3.3340*-04 3.10 120+00 NM 0.70019 0156t32 0.70029 1.40622 0.49799
4 7.8740*-04 3.4431*00 '4m 0.91317 0.6175 0.73368 1.37545 0.%3341
5 I.2954"-03 1.86140+00 NM 0.9ab15 0.68181 0.77193 1.33664 0.S7744

8 1.8034-.03 4.3'I?8*+00 NM 0.93803 0.70791 0.80979 0.28714 0.62114
1 2.3114"-03 4.6067*$00 Nim 0.94812 0.73208 0.1008b9 1.26793 0.05358
a 2.59560-03 0.7167'*00 1 0.95172 0.74191 0.83620 1.2o662 0.664108
9 5.61881-01 6.7283S400 Jim 0.91`104 0.90250 0.94519 1.09660 0.tJ8192
10 6.3312"-03 7.79880+00 Nm 0.99901 0.9770b 0.96780 1.02426 0.96440
00 1.10241-02 6.1330*+00 NM 0.00000 0.99918 0.99917 1.00089 0.195868

o 02 I.36651-02 8.1455*+00 NM 1.0000D 1.00000 1.00000 1.00000 0.00000

INPUT VARIAB3LES '(*14#,TO/T A33UMIE PvPD

85040309 PA31UN PROFILE TABULATION 16 POINTS* DELTA AT POINT 05

I y PT2/P P/PID TO/TOO N/MD U/00D T70I AHO/RHOD*U/UD

IO0.4000".00 1.0000"+00 fNM 0.772?3 0.00000 0.00000 2.103'56 0.000,10
2 2.?9'40"-04 2.2492*00o NM 0.51189 0.35959 0.53660 1.065811 0.30387
3 S.3340'-04 9.8710+t00 NMI 0.84982 0.43824 0.59201 1.72477 0.34324
4 7.8740"-04 .1.020+020 HIM 0.85978 0.48308 0.61804 1.70989 0.36097
5 1.2950-.03 3.61%0+'~00 NMA 0.01777 0.52801 0.66526 1.61391 0.4a480
8 1.80S'I0-01 3.01464+00 NIA 0.68831. 0.54S76 o.70180 1.59219 0.44078
7 2.14W-01 4.2163*.00 NM 0.89359 0.578a3 0.73174 1.54372 0.47401
4 a.69560-03 4.7070*,00 NM 0.90593 0.61SO8 0.78417 1.49146 0.51238
9 5.6642"-03 6.32150+00 NMA 0.93938 0.72508 0.84795 L.3W2S 0.83174

t0 6.33102-03 7.73931+60 NI' 0.987?3 0.60960 0.90255 1.23665 0.730100
11 I.IO0JI"-O2 9.4320+080 NM4 0.98612 0.89026 0.95212 1.12570 0.041500
02 I.sb91*-O2 1.0200"+41 Nm 0.99807 0.91603 0.97090 1.08295 0.896114
Is 1.6358".02 1.030"+001 NM 1.00303 0.96632 0.98509 1.046412 0.94094
14 1.9023*-02 1.1512*+01. NM 1.00200 1.00000 1.00000 0.00200 0.99800

0 15 2.k?7*7-0z 1.15721+01 NM 1.009000 1.00000 1.00000 1.00000 1.100000
16 2.4584'-(12 I.IS720t00 Nm 0.9q990 1.00000 1 .000#13 0.99900 1,00100

INPUT VAP1ABLE3 Y#MaT0/TOD A&SUMf POPO



6505-A-I

M 1.6 anrd 2.2 6505
R THETA X 10-3 9 - 120

TW / Tr 1,x 
ZPG - AW

Two-dimensional continuous tunnel with adjustable nozzle. W • H - 1.2 m.

0.02 < PO < 0.21 MN/m2. TO : 317 K. Air, dew point < 244 K. 0.24 < RE/m X 10"6 < 2.4,

JACKSON M.W., CZARNECKI K.R. end MO'rA W.J. 1965. Turbulent skin friction at high Reynolds numbers

and 'low supersonic velocities. NASA TN D-268i.
And Jackson, M.W, Private corrmxnicatinn,

1 The test boundary layer was formed on the sidewall of the wind tunnel, which was not actively cooled.

Measurements were made at five stations "within the constant Mach number area of the tunnel test section".
No indication of tlow quality or transition position is given. (The tunnel was also used by Allen CAT 7303),

The boundary layer had pass.d throuqh the three dimensional expansion region of the throat (X - 0).
No direct checks on cross flows are reported. A momentum balance using the experimental CF values indicated

that the layer was not strictly two-dimensional.

6 Static pressure was measured at points on the centre line, and wall temperature was measured on both Inner

and outer surfaces near the skin friction balances. These were on loan from the DRL and were thnse used
by Shutts et al., CAT 5501. During the tests, the balances at various stations were Interchanged,

9 Discrepancies between individual balance readings were noted, and the data presented are interpolated from

a curve faired through all the experimental values,

7 Pltot profiles were measured usinq an FPP made by flattening tube of 1.27 mm diameter to give a face for
which, after honing, hI * 0.23, h2 a 0.076 mm. The slender portion of the probe mount was about 40 me [E]

8 long. The profile normal, nominally, passed through the centre of the balance element at each of the five

9 stations at X a 3.36, 3.94, 4,36, 4.79 and 5.24 m. Static pressure was assumed constant through the layer.

The tunnel total temperature wAF adjusted so that the inner and outer wall temperatures were the same and

10 equal to room temperature in the test zone, the flow thus being presumed adiabatic. No corrtctions were
11 applied to the probe data, and Sutherland's viscosity law was used.

12 Data are presented here for the X - 3.94 and 5.24 m stations orgy (corresponding to figure 9 of the source

paper), as other tabular data could not be found, The author's assumption of isoenergetic flow has been
replaced by the Crocco / Van Driest temperature/velocity correlation. The editors have taken CF values

13 from the graphical presentation in the source, The profi les consist of seven sets for each of two Mach

14 numbers, Each set represents a different unit Reynolds number for two successive stations. The CF values

represent the average of values obtained at the same stations using a number of different balances in

separate tests.

§ DA.A 6505 0101 - 1402, Pitot profiles. NX - 2, CF values obtained separately with a number of FEB.

15 Editors' comments

The experiment provides data at modest Mach number for moderate to high Reynolds numbers. Comparable

studies are those of Hopkins & Keener - CAT 6601, Winter & Gaudet - CAT 7302, and Allen - CAT 7303, which
were obtained in a similar geometric situation. The range overlaps that of the study by Shutts at al. -

CAT 5501, using the same balances,

The range of V values in wall coordinates Is very large (10 < y+ < 3 x 104), but in about half the profiles

It seem that the results at small Y need correction for probe effects. Series 01-07 show velocity profiles

with unusually small wake strength, Three dimensional effects may well be considerebli as the length/width

ratio is up to 4.5.



65050-B-

CAT 6505 JACKSON BOUNDARY CONDITIONS AND EVALUATED DATA. St UNITS.

RUN mu * TVIITR* RCD2W CF * 112 H12K PW PD
K• Pon PN/P1* RED2D co M32 H32K ?w TO
RZ TO10* S * D2 Pt2# H42 D2K U0 TR

bso50501 1.610u 1.0O00 8.9015"O03 2.1200"-03 2.3297 1.2904 M.8352*+05 4.8352"+03
3.9411'+00 2.0657"+04 1.0000 t.01WO#04 Ne 1.80M2 1.7995 2.9996"+,2 2.0462"+02
INFINITE 3.]i00"*02 0.0000 4 .33Q7"-03 O.00O0*00 O.u642 j.0102*-03 4.61bi"*02 2.99q6"+02

6505010? L.6L0 1.0000 1.1848"+04 2.0i'00"-01 2.3688 1.3204 4.8352"+03 4.d352"÷U3
S.23650+00 2.0659"+04 1.0000 1.6109"*04 NM 1.79q8 1.7640 2.9996?OP 2.0482"+02
INFINITE 3.11006t02 0.0000 5.7763"'-03 0.0000"*00 0.0a49 6.7253*-05 4.6198"+02 2.9996"+02

6S050201 1.6100 1.0000 1.36040+04 1.9500".03 2.2879 1.2596 6.0209"#03 8.0208"+03
*3.9q11.o0 3.4O01"*O 1.O000u I.Sd495004 NM 1.0231 1.8154 2.9996"+02 2.04824+02
INrINITE 3.11001#02 0.0000 3.9901-03 0.0o000+0O 0.0647 4.5741"-03 4.6198"*02 2.9996"02

65050202 1.6100 1.0000 1.49360+04 1.8104'-03 2.2973 1.265q 0.0208*#03 8.02060+03
5.2350#'04 3.4b04",09 1.0000 2.710,1+*0 NM 1.8|15 1.8106 2.9q96"+0? 2.0082"+02
ZNFINITE 3.1100'*02 0.0000 5.851q'-0 0.00000+00 0.0646 ti.7233"-03 4.6t90"M02 2.94960+02

65050301 1.6100 1.0000 2M68560+04 1.7700"-03 2.2580 1.2374 1.587I,"0U 1.5871"+04
3.941V4,00 6.8466"004 1.0000 3.6513*.04 NM 1.8342 1.5273 2.9996*02 20.0482+02
INFtINVrE 3.1i00"*02 0.9000 3.9869W-03 0.0000"+00 0.0651 4.5326"-01 4.6196*+02 2.9q9bq"02

6505030? 1.6100 1.000D 3.8518"04 1.5400"-03 2.2621 1.2391 1.5871"+04 1.SM81.004
5.2365*+00 6.6460"''4 1.0000 5.2368'.04 NM 1.8304 1.8236 2.9996"402 2.01820+02
INFINITE 3.11000402 0.0000 5.7D111-03 0.0000*0#0 0.0650 6.5188"-03 4.61985t02 2.9q9b9002

65050401 1.6100 1.0000 3.q487',04 1.*500"-03 2.2436 1.2265 2.3778't04 2.3778,04
3.94110÷00 t.0254••05 1.0000 S.3o66104 NM t.8393 1.8326 ?.q996"+02 2.04620+02
INFINITE 3.1100"f02 0.0000 3.9147"-03 0.0000"+00 0.0653 4.4342"5-3 ,.bt96"+02 2.9996"+0i

65050402 1.61O0 1.0000 5.u503*06 1.5100.03 2,2549 1.2335 2.3778"*04 2.3778*+0M
5.2365'.00 1.02Sj0'+5 1.0000 7.91010+04 NM 1.8329 1.8265 2.9996"+02 2.040280+2
INFINITE 3.1100"+02 0.0000 5.4033"-03 0.0000"#00 0.0651 t.4seO"-03 4.6198"+02 2.9996b"02

65050501 1.6100 1.0000 5.30890+04 1.5900"-03 2.2313 1.2176 3.2709"÷04 3.27090+04
3.941t0#00 1.4110+05 1.fOoO 7.21780#04 NH 1.6446 1.8383 2.9996"+D? 2.0482"+02
INFINITE 3.1100"+fl2 0.0000 3.82611-03 9.00001+00 0.0655 4.31840-03 4.6198"+02 2.9996"+02

65050502 1.6100 1.0000 7.10986+04 1.4600"-03 2.2477 1.2284 3.27090+04 3.27090+04
5.23b0l00 1.4110"+05 1.0000 9.66634+04 NM 1.8359 1.6297 2.9996"+02 2.04820+02
INFINITE 3.1100"÷02 0.0000 5.1240"-03 0.0000400 0.0652 5.8189"-03 4.60984+02 2.99960÷02

65050601 1.6100 1.0000 5.967S0+09 1.5600"-03 2.2318 1.21, 9 3.9137"+Q# 3.q37"+04

3.9411"+00 1.6863",05 1.0000 8.11320+04 NM 1.6456 1.838" 2.99960042 2.0452"902
iNFINItf 3,11004+02 0.0000 3.59430-03 0.00000+00 0.0605 4.0533"-l0 4.6198"+02 2.94960+02

6S050602 1.6100 1.0000 0.16240+04 1.4300*-03 2.2406 1.2236 3.9137".04 3.9137"+04
5.2365"+00 1.6863"+05 1.0000 1.1097"+05 NM 1.8190 1.8329 2.99960+02 2,04854"02
INFINITE 3.1100"#02 0.0000 4.4164*.03 0.00006+00 0.0653 S.571"-03 4.61986"02 1.99%0602

6S050701 1.6100 1.0000 7.1070"+04 1.5400"-03 2.2266 1.2156 4.5963"404 4,5963"÷04
3.94110i'00 1.98200#05 1.0000 9.6625"+04 NM 1.8455 1.6392 2.9996N+02 2.0462"+02
INFINITE 3.11004#02 0.0000 3.6450'-03 0.0000"+00 0.005 4.1120"'-03 S.6198"t02 2.9q96'+02

65050702 1.6100 1.0000 q.40510+04 1.40000-03 2.23S3 1.2192 4.5963"÷04 4.5963"+04
5.2365'.0o i.98260+05 1.000o 1.27674+05 NM 1.6408 1.8350 2.999h'*02 2.0u820+02
INFINITE 3.11000*02 0.0000 4.62366-03 0.00001+00 0.0654 5.4604'*03 4.6198"+02 2.9996*+02



6505-B-2

CAT 6505 JACKSO31 3OUNDARY CONDITIONS AND EVALUATED DATA. $I UNITS.

RUN MD * TW/TR* RE02W Cr * HNi H12K P1 PD
X * POD PW/PD* RED2D C9 H32 H32K TW TO
RZ TOD* SW A D2 P12* H42 02K UD TR

65050801 2.2000 1.0000 5.85171+03 1.7100"-03 3.3091 1.3385 1.95851103 1.9S81"03
3.94110+00 2.0936*O04 1.0000 9.AZ92"*03 NM 1.7909 1.7759 2.95091+02 1.5603"+02
INFINITE 3.1100"402 0.0000 Q.0715*-03 0.00001O0 0.0916 S.6659-03 5.5450402 2.950Q9+02

6SO50802 2.2000 1.0000 8.0753"+03 I.5500"-03 3.4443 1.3569 1.9581"+03 1.9561"03
s.a36So+OO 2.0938"+0O 1.0000 1.35640+04 NM 1.7793 1.7645 2.9509"#02 l.S803,,02
INFINITE 3.1100,402 0.0000 6.1707-03 0.00O0+OO0 0.0910 8.1904"-O3 5.5450"+02 2.950q*+02

65050901 2.2000 1.0000 B.56746+03 1.64000-03 3.255b 1.3049 3.27334+03 3.27334+03
3.94110+00 3.S001"0+0 1.0000 1.43911+04 NM 1.6037 1.7905 2.95090#02 1.56031"02
INFINITE 3.1100*402 0.0000 3.q|63*-03 0.0000400 O.0923 5.0758O-03 5.5450"#02 2.9509"+02

65050902 2.2000 1.0000 1.3109004 1.o900o-03 3.!723 1.3139 3.2733mi03 3.27330403
5.236%0+00 3.SOOl"0o0 1.0000 2.2020"+4 NM 1.7975 1.76,e4 2.9o9"#02 1.5803+o0"
INFINITE 3.l1004012 0,0000 5.9926-03 0.0000400 0.0920 7.6132"-03 5.5450"402 2.9509'402

65051001 2.2000 1.0000 1.5602'+04 1.5100*-03 3.2015 1.2721 6.4589N#03 6.45839*03
3.9411".00 6.9064"+04 1.0000 2.6207"404 Nt' 1.8179 1.4062 2.95090#02 1.5803"+02
INFINITE 3.l100"402 0.0000 3.61459-03 0.00001*00 0.0933 4.61•0N-03 S.%450"402 2.909"402

6SO51002 2.2000 1.0000 2.36688+04 1.3800"-03 3.2363 1.2909 6.4589"+03 6.45491+03
s.23bs"+OO 6.9064"+04 1.0000 3.9788*+04 NM 1.8063 1.7942 2.9%09*#02 1.58031402
INFZNITE 3.1100"402 0.0000 5.6876'-03 0.00000+00 0.0920 7.0977"-03 5.5450"402 2.9509"40i

b50S11to 2.2000 1.0000 2.1935"+04 1.460b0-03 3.1816 1.2604 9.7030'#03 9.7030#03
3.9411+*00 1.0375'.O 1.0000 3.68644+04 NM 1.8245 1.8132 2.95090+0? 1.58003002
INFINITE 3.1100"+02 0.0000 3.3865"-O0 U.0000"+00 0.0933 q.29111-O3 S.5450"+0O 2.9509"40+

b6O0i1OP 2.2000 1.0000 3.0755"i04 1.3200"-03 3.1838 1.2549 9.7030"0+3 9.7030*403
5.2365400 1.0375"m05 1.0000 5.1660"+04 NM 1.6218 1.8110 2.9501"*02 1.5603-402
INFINITE 3.11000+02 0.0000 9.74?70-03 0.0000+00 0.0932 6.0366"-03 SS50O"402 l.9SOO'|02

65051201 1.2000 1.0000 2.768"404 1.4200"-03 3.1647 1.2498 1.2059"004 1.2659"+04
3.94111+00 1.3750."05 1.0000 0.65051+04 NM 1.6292 1.8167 2.95090+02 l.58036+02
INFINITE 3.11000402 0.0000 3.2215"-03 0.00000+00 0.0936 4.067*N-03 5.S450"#02 2.950"9+02

SK5020a 2.B000 1.0000 3.4680%00 1.aqO0".-03 3.1640 1.2503 1.2659*"400 1.2A59'04
5.23b50400 I.3750S05 1.0000 6.6988"+04 NM 1.6590 1.8177 2.9509"*02 1.58031+02
INrIfJiTe 3.1100*+02 O.O000 4.6404*-03 0.0000+00 0.0936 5.6541m"03 5.S450"*02 2.950'q*02

610i1301 2.2000 1.0000 3.25040+04 1.40000-03 3.1537 1.2036 I.57621"+0 1.57820400
3.9110+00 1.6075+05 1.0000 5.5101"+04 Nm 1.6332 1.82258 .9509"40+ 1.5803"#02
INFINITE 3.1100*402 0.0000 3.1102'-03 0.00000+00 0.0936 3.9103"-03 S.S050.02 2.9509'+02

65051302 2.2000 1.0000 A.59540+0 1.2700-o03 3.15S2 1.2433 I.5762",00 1.5762",00
5.23650400 I.6875*+05 1.0000 7.71900+04 NM 1.6308 1.420S 9.9409*40 I.S803"402
INFINITE 3.1100'#01 0.0000 4.3569'-03 0.0000"00 0.0937 5.4922"-03 5.5450"402 2.9o9"*+02

65051001 2.2000 1.0000 3.76040+04 1.3900-03 3.1032 1.237S 1.85586o00 1.6556'*0V
3.9411000 1.96440+05 1.0000 6.316o404 NM 1.6364 1.8a64 2.9509"#02 l.5603"+02
INFINITE 3.1100"402 0.0000 3.0319'-03 0.00000400 0.0939 3.7967"-03 5.5450t0+? 2.95O9"#02

6501•100 2.2000 1.0000 5.3072+04 1.2400'-03 3.1602 1.2064 1.6558"+04 1.056.1+01
5.23650+00 1.98440#05 1.0000 S.914*+.0O NM 1.6264 1.8172 2.9So90902 l.5603"+02
INFINITE 3.110010a 0.0000 .2790"-04 0.00000+00 0.093 , 5.4247'-Ol 5.5450"402 2.9509'02

PDPOD CALCULATED FROM RE (AUTHOR), CF INTERPOLATED

I

Ii



6505-C- I

h5o30101 JACK30N PROFILE TABULATION 36 POINTt, DELTA AT POINT 36

Y y p07)/P P/PD TO/Ton M/MD /uUD T/TD RHO/RHODD.L/UD

I 0.00J0~.0" I l.Oao* too NM 0.76449 0.00000 0.000no 1.146450 0.00000
2 7.62001-05 1.16341+00 NM 0.9b676 0.29191 0.304st, 1.40A7? 0.20601
3 1.0160"-j4 1.l509'oOO NM 0.96867 0.28896 0.34310 1.4oq63 0.241336
4 1.Z700'-04 1.?0o'30*+0 104 0.14972 0.32Lj61 0.38350 1.39~617 0.27472
j 1.7730"-04 1.?,bb'00 0.q7021 0.34009 0.4013a 1.38967 0.28880
6 2.2860"-04 l.?713"+00 0.17123 0.37129 0.43560 1.37637 0.31608
7 2.79,120-04 1.29bl"+OQ I 0.97171 0.38521 0.4508a 1.37067 0.S?909

a 3.3020*.04 1.11417"+00i X- 0.97264 0.41106 0.447101 1.35792 0.35275
9 4.5720"-04 1.3854"+00 0.17350 0.43395 0.!i035q 1.34670 0.37394

10 5.a%204-04 1.11'476"+00 4. 0.97466 0.46172 0.53S00 1.13325 0.40187
11 5.3820"-04 1.4791~*00 NH 0.91522 0.427776 0.5097b 1.32421 o.41519
14? 1.0q22,-3 1.5330'*00 14M O.47*O5 0.50879 0.56164 1.30736 0.44'490
13 l.3462'.03 s.5atl*400 NM 0.9769? 0.51962 0.5921S 1.30130 0.4S551
14 1.9812"-03 1.6934'4+00 NM 0.97671 0.55970 0.63245 t.27607 0.Q9501
15 a.bI6P"-03 1.714720+0 141 0.97951 0.57742 0.65023 1.268t1 0.51276
16 3.2S512-02 1.b12?'J"I0 Nm 0.99083 0.60661 0.67840 1.21507Z 0.50201
17 3.8862*-03 1.8816'G00 tim 0.98138 0.61847 0.68969 1.24395 0.55461
1S 5.1562"-03 1.4863"#40 tim 0.911261 0.646417 0.7259 1.22642 0.59375
19 6.4262*-03 2.07330#00 2DM 0.98074 0.66867 0.7s3631 1.212613 0.W022
20 8.9662"-03 2.?634"+40 NM 0.96591 0.71368 0.77667 1.18431 0.S5180
21 1.150b"-02 Z.0066"#00 NH 0.98745 0.74514 0.80000 1.16424 0.b9058
22 1.bsab'-02 2.6625"4+n NiM 0.99002 0.74749 0.84791 1.13053 0.75004
23 2.1666"-02 2.69;13"+00 NM 0.99229 0.80116 0.88321 1.1023 0.600222
24 2.0746"-02 3.099S",f00 NM 0.99003 0.87841 0.91207 1.07810 0.84599

jis 3.14261-02 3.39171+00 NM J.94M7 0.91314 0.93820 1.05564 0.88875
26 3.6906"-02 3.46875"+00 NM 0.99726 0.94379 0.96018 1,035q0 Q.9?72?9
27 3.9044o"02 3.5617"t00 NM 0.99766 0.9li605 0.9693u 1.02803 0.94293
28 4.0966'-02 3.6271"+00 NM 0.99835 0.90662 0.97649 1.02158 0.955426

029 'i.41126*-02 3.6872"+00 NM 0094881 0.97156 0.9A312 1.01555 0.96606
30 4.7066"-02 3.7263'400 NM 0.99911 0.98265 0.9A734 1.01167 0.97597
11 '4.96060-02 3.7727'.00 NM 0.099946 0.98883 0.90213 2.00710 0.98530
32 3.Z146"-07 3.785)4"+n0 NM 0.99955 0.99070 0.9936a 1.00586 0.967A9

35 5.46866-02 3.a4o'400O NJm 0.99970 O.9971 0.9q575 1.0039 0.99194
34 S.7226"-02 3.8175'0104 tNM 0.99979 0.99576 0.94710 1.00960 0.99442
3s5 197t6'-02 3.8377'*fl0 NM 0,99994 0.99879 0.9qo27 1.00077 0.99400

036 0:23 06-02 3.8456'800 NMA 1.00000 1.00000 1.000410 1.00000 1.00000

INPUT VARIABLES YsU/UD (130ENERGETIC) A33UML PuRD AND VAN ON?153T

61010102 JACKS0N PROFILE TABULATIOIN 44 POINTS. DEL.TA At POINT 4q

I v PT2/P P/PO TO/TOD M/MO UtUn) TWD PU/RllOO*U/U0

1 0.000s:.O.00 1.000Q0'* 00 I'M 0 .963144 0.00000 0.00000 1.443012 0.00000
a ?.62000-015 1.13150#00 NM 0.96700 0.24,326 0.31349 1.41797 0.2?108
3 l.0160*-04 1.11490to0 NM 0.96697 Q.a4670 0.29432 1.4?336 0.20675
4 t.2700"-0J4 1.1226"+Og tim 0.96711 0.25014 0.30341 1.42005 0.21354
5 1.52401-04 1.14741+00 NM 0.96778 0.2?777 0.53019 1,412qa 0.23368
* 1.1780*.04 1.1746"+00 NM 3.96845 0.30124 0.31700 1.40444 0.25419
7 1.0320"-04 1.1093"+00 NMA 0.96880 0.31293 0.37027 1.349q7 0.26048
8 a.2860".04 1.20*70+00 NM 0.96916 0.32469 0.363S4 1.34513 0.27487
9 2.3400*-OA l.RZ93*+00 NMA 0.96973 0.34236 0.40336 1.36820 0.09019

10 ).04000.04 1.249Y'i00 NM 0.97018 0.39,616 0.4187'4 1.36124 0.30294
11 3.8100".04 I.2637*4fl0 NM 0.97092 0.37173 0.44957 1.37273 0.122400
la 5.33400-04 I.3221"+OO NM 0.97174 0.40040 0.40742 1.36225 0.30322
13 6.6040*-04 1.3496*+00 N14 0.97230 0.41M3 0.44354 1.3514 0.35662
14 7.57401-04 l.34060*00 NM 0.97252 0.42120 0.4t816 1.3231 0.36220
1S 9.1440"-04 2.3996"4.00 NM 0.97320 0.43900 0.50584 1.34350 0.37874
i6 1.0414"-03 l.q098*fOO Nm 0.97308 0.44595 0.52622 1.34000 0.38bpq
07 1.1b841-03 1.4369"+40 NM 0.97399 0.45579 0.52979 1.33342 0.39731
18 1.4224"-03 2.4765*+00 Nm 0.97475 0.47750 0.5493b 1.32363 0.42504
1-9 I.674G4'-03 2,5199"+00 NM 0.97542 0.49343 0.56586 1.31510 0.03027
40 1.9304".03 1.,53300+00 NM 0.97571 0.50004 0.57306 1.31130 0.43702
21 2.1804o*-O 1.5721'060 NM 0.9763b 0.51513 0.S8848 1.30300 0.45163

2 2 ?.4304"-03 I.61n04'00 NM 0.97701 0.53039 0.60351 1.29469 0.46610
23 2.6924'..03 1.6292"400 N4 0,97732 0.53128 0.61043 0.29080 0,472q1

2 4 I.J274..03 1.6461"*00 NM 0.90722 0.11725 0.63030 1.27937 0.49266
25 J.96240-03 1.7437'.00 UKM 0.97907 0,57628 0.b4899 1.26829 0.51171
16 4.5974"-05 I.79a2"#00 tIM 0.97977 0.59112 0.66379 2.2S9?9 0.52711
27 S.23240-03 1.8240"t00 NM 0.94022 0.b0114 0.6730512.153'54 0.53b92
al8 6.5020.-03 1.90010#00 NM 0.96126 0.62329 0.69412 1.24019 0.55969
29 7.7724'-U3 i.q9020#00 NM 0.94242 0.64748 0.72671 1.22140 0.56491
30 9.0424*-03 2.0664"+00 NM 0.98336 0.66694 0.7346S 1.223315 0.60547
31 1.1$62'-02 2.1716"+00 NM 0.96463 0.69204 0.75811 1.19709 0.63333
32 l.9?-2 1.444S'+00 NM 0.98762 0.7S320 0.51080 1.19880 0.69969,
33 2.4242"-02 2.69,1o,00 NM 0.99014 0.60301 0.89274 1.12646 0.75701
34 1.06120-02 2.9184"+00 N~M 0.99,228 0.84197 0.88681 1.09696 0.80699
J1 3.6961'-02 3.1371"+00 NM 0.1942S 0.68801 0.9170512.07371 0.61409
36 4.33321-02 S.3090+,00 Nu 0.99604 0.92014 0.94362 1.05079 0,49801
S7 4.96881"-0 3.11267*+00 NM 0.99752 0.95012 0.96110 1.03179 0.93137
38 4.97080-02 31.330"+00 NM 0.997S7 0.91213 0.96182 1.03114 0.93666
39 5.4762*-02 1.6411'.06 N4 0,99843 0.96833 0.97803 1.02024 0.99872
40 5.96480-0a 3.7397'4+00 NM 0.99929 0.95374 0.98880 t.01032 0.97870
41 6.49221-02 3,8030*400 NM 0.99968 0,99349 0.99554 1.40013 0.99141
41 6.706IN-02 3.6238"+O0 NM 0.99984 0.99667 0.90771 1.00211 0.199S61
43 7.000l'-O 1 1 367*+00 NM 0.99993 0.99563 0.99907 1.00067 0.19920

0 04 I.2142-02 13.84560t00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIASLEI VUdUD (ZSOENERGETIC) ASSUM4E PMP0 AND VAN DRIEST
At 1.33 DATA WERE AVERAGED



6505-C-2

65050802 JACKSON PROFILE TABULATION 3$ POINTS. DELTA AT POINT 34

I P12/P P/PT TO/TOO M/MI U/uD T/TO RHO/RHOD*U/UO

1 0.0000"+00 1.00o "÷0oo NM 0.90885 0.U0OO. 0.00000 1.86733 0.00000
2 1.2700"-00 1.2256"+00 liM 0.95445 0.24863 0.33049 1.77231 0.18676
3 3.8100"-04 1.4331"+00 NM 0.95859 0.33447 0.03637 1.70217 0.ZS636
0 9.6520'-00 2.7768Tb 00 NM 0.96403 0.42940 0.54483 1.60087 0.33843
5 1.5748"-03 |.9357*+o0 rm 0.96613 0.46321 0.581?0 1.57435 0.36917
6 2.46358-03 2.1162"+00 NM 0.96828 0.49705 0.61.39 1.53780 0.40062
7 3.70804-03 2.2913"l÷00 rM 0.97022 0.52b07 0.64635 1.504q8 0.42948
8 5.0038*-03 2.4689"tO0 NM 0.97206 0.5S495 0.673b9 1.47369 0.41714
9 6.2738'-03 2.6098"+00 AM 0.97346 0.57600 0.693b1 1.05006 0.47833

10 9.9s60"-03 2.9873'+00 NM 0.97693 0.62826 0.74100 1.39109 0.53268
11 I.1989"-a2 3.1680"*O0 NM 0.97866 0.65419 0.76342 1.36180 0.56058
12 1.3894*-0? 3.3669*÷00 r4M O.o80io 0.67621 0.74191 1.33706 0.50•40
13 I.5799"-02 3.9433'*00 pl 0.98151 0.69726 0.79911 1.31347 0.60839
14 1.7704*-02 3.7300*+00 NM 0.982q3 0.71881 0.81624 1.28947 0.63301
15 I,9609*-02 3.89954+00 N4M 0.98417 0.73779 0.83094 1.26647 0.65508
16 2.1768-02 4.1|60"+00 NM 0.90569 0.76131 0.848bb 1.24266 0.68294
17 2.35%46-02 4.34688+00 NM 0.98059 0.77535 0.65868 1.22737 0.69986
tS 2.5i51*-02 .46814'+00 N4M 0.98805 0.19798 0.87501 1.20295 0.72755
19 Z.7356W-02 4.6362'+00 Nt 0.98909 0.81488 0.88702 1.18492 0.70860
20 1.9261"-02 4.8410'+00 14M 0.99035 0.8349a 0.90072 1.16367 0.77104
21 3.1140*-02 S.03711+00 NM 0.94150 0.05378 0.90320 1.14400 0.79852
22 3.3071"-02 3.1943"+00 NM 0.9940 0.86854 0.92278 1.1287q 08|7049
23 3.7160"-02 5.63?2*+00 liM 0.99461 0.90880 0.94793 1.08797 0187128
24 4.0691"-02 %.9191"+00 NM 0,99625 0.93350 0.96269 1.06351 0.90520
25 4.2723'-02 6.0831*00 tim 0.99706 0.94757 0.97007 1.00974 0.92,80
21 4.475*-C02 6.2067*+00 NI 0.99766 0.95803 0.97685 L.03965 0.93917
27 4.7269"-02 6.319"'÷00 14M 0.99819 0.96734 0.98211 1.03076 0.91280
28 S.0851'-02 6.5108*104 NM 0.9o900 0.98328 0.99094 1.01564 0.97568
29 5.3391*-02 6.,602*+00 NM 0.99930 0.98733 0.99315 2.01150 0.98110
30 S,717s*-O2 *.6201+00 NM 0.999s8 0.99237 0.99589 1.00712 0.90886
31 6.1773*-02 b.6679"+00 NM 0.19971 0.99608 0.99789 1.00365 0.94426
32 6.6853'-02 6.66790'00 NM 0.9q978 0.99608 0.90789 1.0036% 0.99426
33 7.1933*-00 6.68581+00 N4M 0.99986 0.99745 0.99863 1.00237 0.99626

0 34 7.6223"-02 6.716"'o00 NM 2.00000 1.00000 1.00000 2.00000 1.00000

INPUT VARIASLCS YsU/LUO CSOENERGETIC) A5UME PvPD AND VAN DRIEST

65050802 JACKSON PROFILE TABULATION 17 POINT3S DELIA AT POINT 37

I v P?1/P P/PD TO/TOO M/HD U/UO T/TD RHO/RHOD*U/UD

I o.O•00+ao IOOnO0oo t4M 0.94688 0.00000 0.00000 1.86733 O.OOOno
2 7.6200"-05 1.2156*+00 NM 0.95401 0.23809 0.31763 1.77982 0.17846
3 1.270"-004 I2O01"*00 NM 0.95388 0.23108 0.31360 2.71?92 0.17610
4 1.7780'-04 1.2001"÷00 NM 0.95388 0,23508 0.31380 2.78192 0.27b10
5 2.2860"-04 1.1499*00 NM 0.95385 0.23500 0.31371 1.76197 0.760?4
S2.7940"-od 1,23786"#00 NM 0.95472 0Q.Z479 0.33876 1.76780 0.202M3

7 3.30204-94 1.23760+00 NM 0.95471 0.25471 0.13866 1.7608% 0.19157
0l 3.5100*-04 1.2725"900 NM 0.95506 0,27136 U.35950 1.75522 0.20)403
9 4.5720'-0D 1.3082*+00 rm 0.95669 0.28712 0.37902 1.74273 0.21748

10 5,8020*-0M 1.3417*#00 NM 0.95686 0.30086 0.34587 1,73140 0.20864
I1 Y.2120"-O4 1.4833"mn0 iM 0.91598 0.35097 0.41547 1.65708 0.27021
12 6.3820".-0 1.5513"00 Nu 0.96062 0.37160 0.47986 1.6761 0.2077b
13 1.0922"-03 t.6565s"f0 r4M 0.96228 0.40030 0.51251 1.h3947 0.31263
14 1.34620-03 1.7282*+00 NM 0.96334 0.41807 0.53237 1.62152 0.32831
15 1.982.'-)3 1.8364'"00 rM 0.96404 0.44263 0.55920 1,59611 0.35035
1. d.6162'0-3 1.9472"eOO NM 0.96627 0.46548 0.58360 1.57102 0.370?1
17 3.8862'-05 1.1217"+00 144 0.96834 0.49804 4.61739 2.53673 0.40176
18 5.1562"-03 2.2678"f00 rm 0.96996 0.52301 0.64213 1.50926 0.00570
29 7.6962'-03 2.4422"#00 rim 0.97179 0.55085 O.bh975 1.47826 0.45306
00 1.0236"-02 2.6846"*00 NM 0.97417 0.5O679 0.70363 1.43791 0.41934
21 1.5316"-02 2.4777"+00 rNM 0.97685 0.62699 0.73988 1.39?53 0.53131
12 2.0396"'-02 3.382"÷00 Nm 0.96026 0.67831 0.76365 1.33470 0.50714
23 0.4841o-02 3.68W#"÷00 rPA 0.98659 0.71359 0.81213 1.29127 0.62700
24 3.0556"W-02 .08?4"t00 NM 0.98146 0.7S770 0.84598 1.24660 0.67863
as 3.75111".0a 4.6077'"00 11M 0.98092 0.82203 0.85505 1.18791 0.74504
26 4.3256*-02 4.90040#00 2dM 0.99070 0.80072 0.901S7 1.15769 0.78135
27 S1.00241-02 S.0141#00 NM 0.99382 0.59214 0.93769 1,10072 0.84461
id 5.5956'-02 9.649sO00 NM 0.991690 0.9277 Q.9sq|2 1.06945 0.49685
29 S.B496"-00 6.104W400 14M 0.99716 0.94901 0.97182 1,00620 0.9?123
30 .1,036"-02 6.332+t00 NM 0.94779 0.96023 0.9781a 1.03715 0.41272
31 6.2941'-01 6.3040+04 tiM 0.9981a 0.96622 0.981408 1.03183 0.95120
32 6.4l1W.02 6.4665V*00 Nm 0.99686 0,9964 0.98894 1.01407 0.97003
33 6.465'6-02 6.1319'.00 NM O.99*27 0.90501 0.99189 1.01401 0.9O182
34 7.1196'-2 6.5o95&,"O0 riM 0.99406 0.94023 0.99473 1.00912 0.94671
35 7.3736"-02 6.6751'*00 1dM 0.99982 0.94666 0.99821 1.00310 0.9Osl2
36 7.5641-4 6.10675'109 riM 0.99962 0.99666 0.981o a 1.00310 0.995o 2

0 37 7.8616*102 6.7165"t00 jim 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VA•IAULL8 YU/UD (SOCNEN[UTIC) ASSUME PvPD AND VAN ORILST
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650S1401 JACKSON PRFI0~LE TAOLILATION 3`1 POINTS# DELTA AT POINT 39

I y PT?/P Is/PD TO/TOO 14/lir u/ufi 7/le RHO/RHOD*U/UD

I D.0000"400 I.f000o"too NM 0.946111 0.00000 0.001000 1.86733 0.00000
2 1.4700"-04 1.7596"+00 Nm 0.96378 0.42522 0.54'024i 1.614114 0.33'168
3 1.5240"~-04 1.7847"+00 riM 0.96420 0,41233 0.511802 0.606f85 0.34105
Q1 i.?770".014 1.6253"+00 NM 0.1646q 0.144023 0.593661 1.59662 0.3L1818
5 2.M8f0"-D4 1.07671to0 NM 0.Yh537 0.4s1il 0.568140 1.58112 0.356113
6 2.7944"-04 i.qzOb"+O tl .69 o6~ 0.57800 1.57757 .bb

9 5.58B00-04 2.1464"+00 Nom 0.9418412 0.50238 6.6214i' I.'SAJ19 0.40589
00 6.85800-04 2.2332"0+0 NM 0.96950 0.51725 0.61679 1.S05b2 0.42015
11 8.20?0".04 2.31060000 NMp 0.91044 0.53034 0.64975 I.50113 0.43286
12 9.3950"-04 2.4318'+00 NM 0.9716q 0.54938 0.66634 1.479112 0.45160
13 1.1938'-03 2.4911j'+00 rim 0.97229 0.55544 0.67702 1.46976 0.46063
14 1.4478"-03 2.'ib44'fo Jim 0.97301 0.56931 0.68733 1.45758 0.471S6
15 1.7018"-03 2.64'S7otO0 tip 0.97380 0.55021 0.09847 1.44420 0.44360
to 9.0528"-03 2.7507*t00 NM 0.97488 0.59719 0.71337 1.42S95 0.50027
17 2.1638"-OS 1.8317'+00 'IM 0.97554 0.80736 0.72240 1.41470 0.51060
Is 3.0968"-03 2.115070+00 Nim 0,97661 0.62342 0.73673 1.341657 0.52753
19 4.3686"-03 3.1499"t00 NM 0.97833 0.649?9 0.7'5924 L.36736 0.51596
20 5.364S"-Ql 1.2866"+00 NM 0.97947 0.66639 0.77373 1.3'1809 0.57395
21 6.s?76"-03 3.%3691*00 NM 0.98148 0.69671 0.7,3570 1.31404 0.60782
Z1 2 6.0264"-03 3.6525'0f40 NM 0.98235 0.70996 0.50926 1.29"31 O.baas0
23 9.9506-01 11.8439"MP NMw 0.9S37k 0.13163 0.82621 1.Z7527 0.84787
20 1.1q969*02 4.05tb'e00 NM 0.98524 0.75439 0.64311% 1.25022 0.67469
25 1.3594*-02 4.2719'0+0 14M 0.98874 0.77776 0.06070 1.22475 0.70279
86 1.37199.02 0.4523'0oo low 0.95793 0.79637 0.87408 1.201168 0.72'Sl
27 l.770o,'o o.65S9*#00 NM .9892a 0.at683 0.88837 1.1821 0.7510
a8 1.958P"-02 4.115371#00 Nm 0.99042 0.83622 Q.90155 1.16237 0.77562
29? 2.21'I9"-02 tt.12S86,f0 NM 0.99203 0.86240 0.90882 1.13%11 0.80905
30 2.4639*-02 5.39960+00 NM 0.9`1334 0.88746 0.93077 1.1094h 0.84254
31 i.73W-~02 S.67020#00 liM 0.990118 0.91173 0.90911 1.00504 0.87527
32 3.0531*-02 5094610+00 NM 0.94640 0.93801l 0.96416 1.0614b 0.90665
33 3.311112-02 b.?3984+00 NM 0.99182 0.96081 0.97843 1.03701 0.94351
14 3.660"-02 b.40`12-400 NM 0.99854 0.97451 0.98610 1.02344 0.9830%

3s .9421'.02 6.48?n'.o0 NM 0,99895 0.90098 0.986`16 1.117A1 0.97236
3b 4.$23l*-02 b.581.S'400 NM 0.94942 0.989116 0.99031 1.009814 0.98462
37 4.6311"-02 b.b5304"00 NM 0.9497a 0.991490 0.99724 0.00475 0.99255

38 S.5051*.0l 6.6970"+00 NM D.99991 0.9(1893 0.99918 1.0014b 0.9977to

INPUT VARIADLL5 Y#LJ/UD (13OLNERQETIC) ASO-JML PuPo ANtI VAN DRIEST
AT IvI2 DATA WERE AVERAGED)

65051402 JACK.SON PROFILE TABU.LATIONJ 3'S POINTS, DELTA AT POINT 3S

I yPiP P/Ffl TO/TOD 14/14f) U/UO TMI LINO/PHOUOU/UD

01 7.6520"-00 2.%760'.00 Nim 0.945893 0.30787 0.42080 1.26606 0.29M8

13 1.0160"-04 1.65030+00 Nil O.97288 0.563110 0.u4924 1.61018T 0.30,693
09 0.20-4 16000 i .629 0415 .1,3 16" .83087

23 2.03282-04 .63~1"+0~0 rim 0.97635 0.40952 0.752M 1.30170 0.55552

7 .70-4 11.90918".0 Nkl 0.96793 0.07647 0.57720 I.S801'i 0.37105
1 5 .4420*-03 1.419440+00 NH 0.98030 0.467893 0.500432 ..33480 0.80763
9o 7.1120"-04 2.30da6 +04 tow* 0.98106 0.69003 0.60464 1.542a1 0.340019
to 8.3420"-04 ?.1220+~00 rim 0.9683) 0.79897 0.84181 1.5%621 0.64477
11 q.?8520"-0 2.1711+7'00 N%4 0.96896 0.576147 0.82080 1,26321 0.61827
19 .02?0733-Q 2.3'S2'+00 rim 0.96973 0.SIS6o 0.86393 1.25176 0.7131ta
13 l.2'91?6.03 M.6db0*I0 NM 0.90496 0.S4593 0.641775 .0.1s37 0.74272
314 1.342"-03 2.3202"+Oo tIm 0.990%2 0.41275 0.90592l .441557 0.83406
32 1.0001'.03 2.200"00, Nim 0.97164 0.5411%3 0.92528 1.19207 0.481453

33 2.196~~22* ?.s093~t00 1114 0.'94130 0.897362 0.90913 0.119904 0.47591
30 2.61161'.01 ?.7694? 00 roM 0.99349 0.580116 0.94494 1.071406 0.48387

D23 3.25956-Ol 26,7165'tOO roL 0.97500 0.00000 1.00000 1.00000 1.00000

IaPt D.65620-03 11,U/UD *0 (IOL!RETC 0.97M~ 0.0P 7 ANDb~ 1.AN7 DRIES
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rough M: 4.95 6506
• ,R THETA X 10-3 : 4 - 12

TW / TR : 0.6 - 1.0 ZPG (ROUGH)

AW-MHT-SHT

Blow-down tunnel with fixed nozzle block. Running time 45-90 s. W - 0.15, H 0 0.18, 1 L 0.50 m.

PO : 17.5 MN/mr2 . 340 < TO < 610 K. Air. 16 < RE/m X 10'6 < 60.

YOUNG F.L., 1965. Experimental investigation of the effects of surface roughness on compressible turbulent
boundary layer skin friction and heat transfer. DRL 532.

1 The test boundary layer was formed on a flat plate machined from solid copper (W - 0.162, L - 0.371 m)
with a sharp leading edge (X 0 0) chamfered at 150. Various fairings and covers brought the overall length
up to 0.487 m. The test surface was mounted facinq downwards a little above (E) the tunnel centre line,
The test stations were near X - 0.3 m. The plate was actively cooled by two separate circuits and maintained
at a temperature close to 310 K throughout the tests, Four p1ste surfaces were employed. For the first

series, 01, the basic upper plate was machined and ground to give an effectively smooth and flat surface.
For the tests with a rough surface (series 02-04) the basic plate was covered with a layer of tin-load

solder approximately, after machining, 0.76 mm thick, The roughness was then formed in this solder layer
under pressure by specially machined rollers, Both the plate surface and the balance and calorimeter elements
had surfaces formed in this manner. and were held in suitable jigs so as to prevent distortion during the

process. The roughness pattern had a regular 900 saw tooth (V-groove) section aligned across the plate,
with wavelength of 0,127, 0.254 or 0,762 mm, and, correspondingly, peak to trough heights of one half the

3 wavelength. This roughness started about 12,7 mm behind a boundary layer trip consisting of a strip of
"number 80 grit-cloth" running from X - 12 to 25 mm,

6 The plate contained buried iron-constantan thermocouples on the centre line at X w 50, 140, 185, 270 and
315 mm, used to record TW and to allow adjustment of the cooling system, Static tappings (d - 1,6 ma) were
placed at X - 115, 240 and 370 m, The FEB and isolated mass calorimeter were muunted at X - 317.5 mm
and 25.4 mm to either side of the centre line. The FEB had an element of 25.4 mm diameter, with a nominal
annular clearance of 0.05 mm, The balance was calibrated in a wide range of thermal conditions, and it was
found that errors resulting from thermal strains in the flexures outweighed any other source of error.
By trial and error selection and mounting of flexures. it is claimed that it was possible to obtain a
repeatable calibration. The insulated mass calorimeter consisted of a small section of the surface,
26,4 mm in diameter and 3.8 mm thick, which was separated from the mass of the plate by a small toflon

insulating ring and not cooled by the plate cooling system. Heat transfer determinations were made by
cooling the insulated mats to a temperature below that of the plate, by means of an external supply tube
delivering water directly on to the surface of the calorimeter during a tunnel run. The external supply
was then remoxveim, and An uLbservatioii of the rate of change of temperature of the isolated mass as it
passed through the templerature of the plate used to caiculate the local heat flux.

7 The Pitot probes used for profile measurements were CPP for which dl ranged from 0.5 to 0.9 mm. The tubes

were kept as short and as large as possible to minimise the effects of time lags, and to provide sufficient
strength at the high temperatures used. The small tubes were rapidly faired, telescopically, to 2.5 mm
diameter. The elbow of the probe was stiffened by a web (details in the photograph are obscure), after
which It was Soldered Into a double wedge drive shaft. "The length of the unstiffaned probe tip was then

only" 12.7 mm. The traverse gear was driven from the floor of the tunnel.

8 The balance and calorimeter were centred (text) on X - 317.5 mm and 25.4 mm to either side of the centre
line. The profiles were measured in a range from X - 286 to 297 mx (tables in source paper).

g No significant difference was found between the pressures recorded at the thrae static tappings when
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running with the smooth surface, and the average of the three was used for the wall measurment runs. For

profile measurements the static pressure was taken as constant at an average value determined from the
reservoir pressure and the free stream PT2 value, and assumed constant through the layer. Total temperature

10 was assumed to be given by the Crocco / Van Driest correlation. No probe corrections were applied, and

11 viscosity was determined from power laws matched over a range to the Sutherland formula.

12 The editorr have presented all the author's profile date, incorporating the author's assumptions and
procedures. The CF and CQ date have been interpolated on the basis of both Reynolds number and TW/TR values.

These variables art strongly correlated, as unit Reynolds nuaber was changed by ranging the tunnel reservoir
temperature while changes in model temperature were relatively small. The values given are an average of the
two interpolations. The differences between the two showed no systematic variation. The scatter of the

13 results, which became apparent during interpolation, is about t 10 %. The profiles consist of four sets.

one for each roughness, each describing five different TW/TR states.

r DATA 6506 0101-0405. Pitot profiles. NX s 1. CF measured with an FEB, CQ with an isolated mass calorimeter,

separately. Roughened surface.

15 Editors' comnts

This difficult experiment is very fully described in the source paper, and seems to have been performed very
carefully. Thire are no comparable experiments, though the smooth-wall Wdlabetic tests are supplemented by
the earlier work of Moore - CAT 6201 with the se apparatus. The smooth-wall experimental range overlaps

that of Voisinet & Lee - CAT 7202 who studied a tunnel-wall boundary layer.

For the majority of the profiles, measurements did not extend within the momentum-daficit peak, and It
should be noted that, unfortunately, there are no measured TO data.
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CAT 6506 YOUNG BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN ND k TW/TR RE02W CF * H12 HIZK PM PO
X f POD* PW/PD* RED20 CO * "32 H32K TW* TD
RZ TOD* SW1 * D2 P12* H4? D2K UD TR

65060101 4.8655 0.9721 2.0046*#03 1.0300"-03 10.9815 1.5343 3.6015"+03 3.8015*Y03
2.9169".01 1.750"tO6 1.0000 8.8595*+03 Nm 2.83g6 1.7990 2.9964"+02 5.5407"401
INFINITE 3.3722+02 0.0000 2.1857.-04 0.0000*00 0.1969 4.7606"-04 7.4861"+02 3.0823"+02

65060102 4.9J49 0.7105 1.90374+03 1.27000-03 q.302t1 1.4394 3.6716+03 3.6716'+03
2.57303-01 1.75800+06 1.0000 6.2204w+03 7.1000o*04 1.6396 1.8147 2.9728R+02 7.55230#01
INFINITE 4.57689"02 0.0000 2.4620-04 0.0000'0+0 0.4208 4.9064-"04 8.7322N+02 4.1843N+02

65060103 4.9051 0.65B5 1.92S54+03 1.3300"-03 8.9661 1.4459 3.7143+03 3.7143'403
2.6743"-01 1.7580"+06 1.0000 5.8127*403 7.7000*-04 1.8349 1.8078 R.98920"02 6.546S".01
INFINITE 4,972*4O2 0.0000 2,5841-04 0.00004+00 0.4656 S.0021"-04 9.0914"+02 4.53953+02

65060104 4.8953 0.5951 1.9142+03 1.41001-03 86416 1.0330 3.7576"+03 3.7576"403
2.67430-01 1.75600+06 1.0000 5.?137*+03 8.60000-04 1.8364 1.6142 3.00590+02 9.5406"401
INFINITE 5.5267"o02 0.0000 2.6999'-04 0.0000"+00 0.5345 5.06551-04 9.5869*402 S.0511"+02

65060105 4.6609 0.226 1.9460"003 1.48000-03 7,7394 1.4275 3.9141"*03 3.4141"#03
2,874-0l 1.7580'.06 1.0000 4.61940+03 9.2000"-04 1.8366 1.8157 3.0494"+02 S.11H3+02

INFINITE 6.3800*402 0.0000 2.8997'-04 0.0000*+00 0.6135 5.2o66*-04 1.0288"+03 5.0324"+02

65060102 4.9696 0.9442 1.9173*403 1.0900"-03 11.0695 1.4619 3.4421"'03 3.4421*+03
2.9688".01 1.75400+06 1.0000 7.9657*+03 NM 1.6S69 1.8354 3.064%*+02 6.0206"401
INFINITE 3,57610*02 0.0000 a.23341"04 0.0000*+00 0.1992 4.7269"-04 7.7316N+02 3.2668"+02

6506020? 4.9500 0.7476 l.855a4+03 1.2300'-03 9.7284 1.47GM 3.52300+03 3.52304+03
2.9688"601 1.7580N+06 1.0000 6,3955m+03 6.70004-04 1.8466 1.8195 3.0697"+OR 7.6660'401
INFINITE 4.5233*402 0.0000 2.5273"-04 0.00000+00 0.3854 5.0 4 6 70-04 8.6696'+02 4.1326"÷02

65060203 4.9500 0.6770 1.8100*403 1.3100"-03 9.2566 1.4657 3.52304+03 3.5230"+03
2.9686*-0I 1.7560"'06 2.0000 5.6465"903 7.6000"-04 1.64112 1.6135 3.11561#02 6.5379*+01
INFINITE 5.0378N#02 0.0000 a.6187*-04 0.0000"+00 0.4542 5.139a'-04 9.1704"#02 4.6026*0+?

65060?04 4.9500 0.6011 1.7606*403 1.3000x-03 6.6453 1.4473 3.5230"#03 3.5230"*03
2.9686"-*0 1,7560*"06 1.0000 4.A8280*03 8.5000N-04 1.8584 1.8396 3.14461+02 9.7045"+40
INFINITE 5.7261•'02 0.0000 2.7347*.04 0.00000+00 0.5250 4.96020-04 9.7769"+02 5.2315"+02

05060.05 4.8708 0.5550 1.7094*"03 1.4700"-03 6.0136 1.5017 3.8683"+03 3.86831+03
2.9685.-01 1.7580'406 1.0000 4.2791*+03 9.30000-04 1.8411 1.8169 3.1609'402 1.08450+02
INFINITE 6.2306"t02 0.0000 2.60620-04 0.0000'400 0.5960 4.7006"-04 1.0170N+03 5.69540+02

65040102 4.9400 0.9621 2.05886*03 1.1500'-03 11.1202 1.4576 3.5646b+03 3.56460÷03
2.96b '-0| 12.7580*+06 1.0000 9.1466*803 NM 1.8291 1.7939 3.0279N+02 5.8572N+01
INFriiTyp 3.4444*402 0.0000 2.39010-04 0.00000+00 0.1925 5.4508*-04 7.5002"*02 3,1471"+02

6506030? 4.9894 0.7362 1.9364"+03 1.35001-03 9.9333 1.4418 3.36b4"I03 3.36410+03
2.90470-01 1.75800+06 1.0000 6.72520+03 8.00004-04 1.8290 1.7996 2.98991+02 7.41691+01
INFINITE 4.4344"+02 0.0000 2.6262*-04 0.0000*400 0.3744 5.5661"94 8.b153*+0? 4.05040+02

65060301 4.9400 0.6693 1.9727"+03 1.4400"-03 9.1666 1.4556 3.Sb~bN&03 3.5646"+03
2,9200*-0! 2.7560*400 2.0000 5.7066"+03 8.60000-04 1.8259 1.7973 3.0395R+02 6.45231+01
INFIhITE 4.9706*402 0.0000 2.6193"-04 0.00004+00 0.4598 5.3240"-04 9.1059"t02 4,51415"+02

65060304 4.940o0 05972 1I.6491*+0 1.5500"-03 6.6680 1.449a 3.56406"03 3.5646".03
2.695bq-01 1.7580'406 1.0000 5.11%5"+03 9.3000'-04 1.8667 1.8001 3.03688*42 9.4691%40i
INFINITE 5.569'402 0.0000 2.7371"-04 o.onoo0"O0 0.51s7 5.3710"-04 9.63684*+0 5.0682*÷02

65060305 4.8422 0.5420 1.8453'.03 1.7000'-03 7.7099 1.4455 4.006oqw03 4.06W9'403
2.90471-01 1.75800106 1.0000 4.4893*403 1.0200*-03 1.8345 1.114 3.1061|02 1.10201"02
INFINITE 6.2670+402 0.0000 2.7202"-04 0.00000+00 0.6151 4.9096"-'0 1.0190N+03 5.7305"+02

65060401 4.9748 0.9669 2.5355'403 1.49000-0 l21.6718 1.4965 3.42204+03 3.4220"t03
2.5605-01 1.75800*06 1.0000 1.1497*404 NM 1.7926 1.7504 1.979fl"÷0" 5.664A*4f01
INFINITE 3.37286*02 0.0000 2.9560"-04 0.0000.400 0.1722 7.55586-94 7.509fl04+0 3.0810'402

65060402 4.9500 0.6964 2.4775"+03 1.77001-03 9.5421 1.4777 3.5230#903 3.52300+03
2.8560"-01 1.7560*406 1.0000 9.0002'"03 9.0000'-04 2.7693 1.7563 3.02200+02 8.04920+UI
INFINITE 4.7494002 0.0000 3.3995*-04 0.0000"+00 0.4319 7.6428-04 5.9041"+01 4.33921#02

65069401 4.9698 0.6550 2.•5299003 1.6i00'-03 9.4091 1.4696 3.44,1"*03 3.44210#03
2.6560'-01 1.75800#06 1.0000 7.50490+03 9.S000*-04 1.7855 1.7504 3.0221"÷02 A.S0290401
INFINITE 5.0506j*02 0.0000 3.,266*-04 0.0000'.00 0,4612 7.8795"-04 9.163N+02 4.6137"t02

6004004 4.9599 0.5948 2.4679"#03 1.9000"-03 8.9464 1.5016 3.46231*03 3.48230+03
2.8560*-01 1.75801#06 1.0000 6.8468"+03 1.0200'-03 1.7797 1.744 3.0332a÷02 9.42830#01
INFINITE 9.5817*902 0.0000 3.7111"-04 0.0000"÷00 0.5200 5.07741-04 9.6560*+02 5.0992"+02

65060405 4.9253 0.5409 2.1676.03 2.03004-03 0.3595 1.5116 3.62654+03 3.6268"+03
2.8560N-01 l.75400+04 1.0000 S.41380+03 1.08000-03 1.7839 1.7503 3.07800#02 1.06412+02
INFINITE 6.2272*02 0.0000 3.366L'-04 0.0000"+00 0.5829 b.97863"00 1.t8147+03 5.69030*02

PEAK-TO-PEAK ROUG|HNE85 SPACING SERIES 020 0.217MM, 31RIES 030 0.254MM, SM198 040 0.762MM

I



6506-C-I

65060101 YOUNG PROFILE TABULATION 16 POINTS, DELTA AT POINT 1*b

I PT2/P P/PD TA/TOD H/MD U/UD T/TO RHO/RIIOD*U/UO

I 0.00900,00 1.0000,000 lim 0.88138 0.00000 0.00000 S.068Th 0.00000
2 o.s72o'-0o 4.86121#00 NM 0.94147 0.37688 0.07532 3.2392? 0.209L40
3 5.0800"-04 S.13~55"00 NjM 0.914488 0.39495 0.700141 3.11324 0.22seqg
0 6.1500"-04 6.1735*#OD NM 0.95025 0.40i00 0.71'40' 2.91322 0.a25102
5 7.6.200"-04 6*.qoqg+OD 1414 0.95464 0.46030 0.7620'4 2.714079 0.27804

6 6.8900'-04 7.69?6"+Og 14# 0.95832 0.48442 0.78255 2.60964 0.98
7 .275000-03 .18S3'0+0 10957 OS79 4.26 .47 .s~

II 1.910sol-S 2.24740*0l Nm 0.97407 0.61407 0.87027 20059651 0.743129
912.54*414I-03 2.S1216+01 NdM 0.99419 0.10057 0.90104 1.729S9 0.65214
103 .17%0"-03 1.973"4401 NM 0.096742 0.94462 0.93920 1.05911 0.b2754

14 S.71W0-03 3.0562'+01 NM' 0.99958 0.9099s 0.94403 0.01639 0.94194
15 6.3SW0-03 3.1073*toI NM 0.99992 0.99799 0.99961 1.001l2%1 0.99bll

D 16 6.96%00-03 3.11961+00 Nm 1.00000 1.40000 1.00000 1.00000 1,00000

INPUT VARIABLES Yom/mo AS5UME GvPD AND VAN DRIEST

6 5040105 YOUNG PpoOPLE TABULATION 16 POINTS# DELTA AT POINT 18

I YPy2/P P/PD TO/TOO M/MD U/Un 1/To RMO/qHOD*U/UD

1 .00000+00 i.00004t00 NM 0.47084 0.00000 0.00000 2.69561 0.00000
2 3.5S460-04 1.4333"+00 NM 0.76644 0.40303 0.60017 2.55085 0.25214

*3 4.06400-04 S.7310*0Oo NH 0.79649 0.41515 o.blib17 2.5133? Q.26187
4 5.0800"-04 4.770ao400 Nm 0.82062 0.45455 O.700AS 2.37738 0.24480
S 4.3500'-04 7.4927'+00 Nm 0.63894 0.48687 0.73243 2.26560 0.32346
4 7.6200"-04 8.3641*VOO NM 0.65077 M.0909 0.75331 91.0695 0.34405
7 8.8900"-04 6.4360"+00 NM 0.86002 0.52127 0.76.920 2.12516 0.36044
6 1.2700'0-0 1.0240#'01 NM 0.67673 0.5b441 0.60110 1.94654 0.40060
9 1.9050".03 1.2031"M0 Nm 0.9061S 0.43737 0.85057 1.7606? 0.47762
10 2.54000-03 I.5610'*0I NH 0.93312 0.71010 0.69259 1.16002 0.54491

11 1.17500-03 1.89200#01 N14 0.95366 0.77879 0.92553 1.41234 0.bs531
12 3.6100*-03 2.2317'oOI NM 0.97071 0.64747 0.95313 1.26406 0.75353
13 4.4450*-03 2.5041*401 NM 0.96320 0.90404 0.97320 1.15349 0.60355
14 S.0600"-03 8.6066"401 N" 0.99194 0.952S3 0.9a720 1.07414 0.91907
1s S..10S0-03 2.95S1'.01 NH 0.99634 0017774 0.99419 1.03366 0.94164
lip 6.35004-0S 3.0155'44.1 NM 0.99603 0.98764 0.99667 1.01828 0.974917
17 6.9650'-03 3.08666401 NM L.00000 1.00000 1.00000 1.00060 1.00000
is 15 .2000-03 3106566401 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES V#NMlo A8SUME PwPD AfM VAN DRIEST

4504o0s0 YOUNG PROME TABULATION 16 POINTA DELTA AT POINT 14

I Y P12/P p/Po 70TO/TO N/NO UUO TMTf R040/HHOD*UIUD

a 0.00000*00 1.0040+'00 NM 0.49S17 0.00000 0.050000 2.64473 0.009000
2 4.57,100-04 6.181;60+00 NM 0.61503 0.03191 0.64069 2.48377 0.27406
3 S.0600"-04 6.62070+00 14M 0.64444 0.44617 0.4793 ?92S1151 0.28719
4 4.3100*-04 7.87WIte0 NM 0.54161 0.49187 0.17003 1.24848 0.32456
5 7162000-04 &.7609w,00 NM 0.66M8 0.52134 0.74711 1.1450S 0.31031
6 .8900*.04 9.5067"#00 NM 0.81.140 0.54370 0.76571 2106639 0.37423
7 .2700*-Ol I.10SI4#01 1M 0.59283 0.S5641 0.601970 1.9406t 0.42237

* 1.9050*.03 1.33960#01 NM 0.91830 0.05509 0.563J6 1.73612 0.49106
9 2.34000'-03 l.6548'0#0 NM 0.94111 0.72463 0.90243 1,54244 o.s650?
10 3.1750*-03 2.0004*401 NiM 0.94076 0.79960 0.93541 1.36767 0.60364
It 3.81900'-0 2.3745"M0 tim 0.97726 0.67297 0.9627b 1.21629 0.79155
12 4..oe0*.03 2072260+01 NM 0.96937 0.93596 o.962&5 1.10221 0.8915a
I3 lF.0600'-03 2.9340*401 NM 0.99461 0.97541 0.99370 1.03702 0.9s765
14 S.7130'-03 5.0454'401 NMt 6,99817 0.99065 0.997be 1.01302 0.98408
IS 6.3SO0O-03 3.07404+01 NM 0.99937 0.99593 0.99697 1.00611 0.99191
16 4.9150".03 3.1912"0l NM 1000000 1.00000 1.00000 1.00000 1.00000
17 7.62001-03 s.10lao.0l NM 1.00000 1.00000 1.00000 1.00000 1.00000

0 to 9.2550*.03 3.10ll'+0I NM 1.000000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Yom/mo ASSUME PuPD AND VAN DRIEST



6500-C'-2

6sObO3Os YOUNG PROPILE TABLJLATXO3 to POINTS, DELTA AT POlINT 16

I YP/P P/PD TO/TOD M/HND U/Un) T/TD RH0/RHOU)iU/UD

I o.00oo"DO 1.0000"+00 rNm 0.4sual 0.00000 o.00000 2~.73475 o.00o000
?~ 355601-o0l 5.29b?'1'0 NM 0.7~6S64 0.398q$ 0.63823 2.55641 0.24944l
3 4.0640"-04 5.56nii"+00 rip 0.7q266 0.41020 0.69110 2.5209?7 0.25835
4 5.00001'04 6.51h11'0*t0 '-m 0.01402 0.oo706 0.4,9215 2.3ql5Q 0.26967
5 6.35O00-0l4 7.13Wl4'00 rim 0.61320 u.,176531 0.71162 2.29320 0.31468
b 7.6200*-04 7.4.326"+00 N"' 0.811347 0.44094  0.7'1100 2.z2344 0.033327
7 6.8900*"04 A.Cissb"+00 1N4 0.8407 0.50735 0,15937 215449 0.3sa4b

10 2.5400*-1)3 1.6131"+01 NM 0.93598 0.72041 0.89712 1.W576 0.57850
11 3.1750"-Ol 1.9535.0*0 N4 0.95733 0,79490 0.9318(b. 1.37430 0.67806
12 3.8100'-Ol 2.290a"'01 NM 0.97363 0.862Z?' 0.958119 1.23467 0.77599
13 A.414500-03 0.66W+"01 NM 0.98775 0.93061 0.980bl 1.11034 0.86316
14 510800"-03 2.903stl'o NM 0.996S9 0.979S9 3.99462 l.030qe 0.96419
15 5.71SO"-03 3.0457'.0l NM 0.994so O.'9694 0.39qq2 1.00456 0.9q067

0 ib 6.3500"-03 3.06012"o0I NM 1.001000 1.00000 1.000(10 1.00000 1.00000
17 6.9850"-03 3.0b42"501 N4 1.000110 1.300000 1.00000 1.000110 1.00000
18 7.6200*-03 3.0642,0f1 NM 1.V0000 1.D0000 1.00000 1.00000 1.00000

INPUT VARIABLES YMIMO ASSUME P*PD AND VAN DRIEST

65060402 YOUNG PROfILE TABULATION 19 POINTS, DELTA AT POINT I2A

I Y P12/0' 0POP TO/TOD M/MD U/UO T/TIO IIHO/RHOO..U/UD

1 0.0000'0#0 1.00604+00 NW 0.09043 0.00000 0.00000 5.2q78.3 0.00000
2 3.5%60*'0' 1 .17530+00 NN 0.93380 0.21128Sa 0.57231. 3.934374 0.14548
3 4.0640"-04 3.ka91M+O0 NM 0.93432 0.29154 0.57669 3.91220 0.111734
4 5.9800'.04 %.j7'5S*,o0 NM 00W352 0.211950 0.58000 I.85545 0.152S3
5 6.35000-04 3.7010+00, NH 0.91005 0.316412 0.6114S 1.13416 0.16374
o 7.h200*.04 3.96?9**400 NM 0.94085 0.32935 0.42056 3.64222 0.17258
7 .8.9001-04 4.2s?$"#Q0 NM 0.94317 0.34328 O.611627 3.54427 0.18234
a 1.2700'0-0 S.34020#00 N4M 0.95062 0.14'005 0.70041 3.22631 0.21715
9 1.9050"-013 7,07230400 NM 0.95918 0.45473 0.76394 2.582237 0.27007

20 2.54000-03 8.97S94*110 N4 0.96757 0.51642 0.81347 2.4S133 0.327P4
11 3.1750"-03 I.t755~*40 1NM 0.97584 0.WQjoa 0.86420 2.10938 0.4109h9
12 3.8100*-03 2.q058'401 NM 0.98286 0.67662 0.90037 1.790471 0.55566
13 4.4450'-03 1.8787"#0l 14M 0.98856 0.756Sý1 0.93761 1.52948 0.62308
14 S.08004-03 2.28870+01 NM 0.99314 0.83841 0.96305 1.3t"19 0.73059
25 S.?150"-0S 2.6995*101 NiM 0.99660 0.91244 0.9A1012 1.15741 0.84794
16 b.39000-03 3.11s28"40I tiM 0.99tIklb 0.9711.1 0.99445 1.00157 0.94038
27 6.960so.l03 3.18,35"$01 NM 0.90992 0.979204 0.99054 1.01308 0.96561

0 to 7.6a200"-03 3,233o0#01 NW 1.00000 1.00000 1.00000 1.000011 1.050004
19 6.2550"-03 3.2330**O1 NM 1.30000 1.01000 2.00000 1,00000 1.00000

INPUT VARIABLES Y$M/MD A33UME PePD AND VAN DRIFST

65060405 YOUNG PRtOrILE TABULATION 18 POINTSe DELTA AT POINT 17

I PT2.'P P/PD TO/TOD N/MD U/Vt) y/TO RHO~/"lHO~hU/UD

1 0.00000+00 1.00000+00 NH 0.491055 0.00000 0.00(000 2.87055 0.00000
2 3.55W0-04 3.6406'#00 NM 0.75090 0.321563 0.S56%4 1.69381 0.09201
3 '4.0640"-04 4.00580+00 NM 0.75769 0.33b66 0.5e944 2.84057 0.19907
4 %.Q800"-04 4.4316'400 NM 0.77032 0.3S477 0.S9351 2.79867 ('21207
5 6.350O~-04 4.61'550+00 14M 0.76187 0.37186 1"1113154 2.13822 0.22472
6 7.6200'-04 5.29120+00 NM 0.79497 0.39196 11 990 2.b6519 0,211009
7 1.27000-03 7.04360+00 NM 0.83447 0.45829 0I. !Z72 2.4l1"5 0.29469
8 1.9050'-03 9.2394"#00 NM 0.87078 0.5a963 1,, 1609 2*1514 0.360%3
49 .5400"-03 1.1069~*01 NP' 0.90246 0.60402 0,40$199 1.90641 0.43747
10 .3.1750"-03 1.5016'401 NM 0.93002 O.b8141 0.811179 1.66q71 0.5J1822
11 1.61001-03 1.8595*+0l 11M 0.95159 0.76161 0.q2092 10461341 0.63019
I2 41,4 450R.05  2.2213*+01 NM 0.97037 0.83511 0.9$048 11101s" O.?i386
23 5.OI00*-03 2.6134*+01 NM 0.98462 0.900%3 0.97439 , 52 0.843sio
14 S.7150*.83 1.17230+01 NN 0.9q508 0.96784 0.99183 . ) 5  0.94I5A3
Is 6039000-Q3 lt3.14*701 NIA 0.99865 0.99095 0.9977b 1.01370 0.96419
16 6.9650*.0S 3.16361+01 NM 0199955 0.99899 0.91497% 1400152 0.99824

0 17 7.6200'-03 3.1699*401 NM 1.00000 1.00000 1.00000 1.00000 1.00000
18 6.2550-03 3.2699*01 NPA 1.00000 1.00000 2.00000 1.00000 1.00000

IN4PUT VARIABLE$ YIN/MD ASSUME PvP0 AND VAN DRI?.ST



6601-A-1

M 2.4, 3.0. 3,4 6601
R THETA x 10- :55

I ------------- TW/TR : 1.0oP -AZPC - AW

Continuous wind tunnel with flexible nozzle. W - 2,44 H - 2.13 m L - 10 m.

0.09 < PO < 0.15 MN/m 2 . 310 < TO < 330 K. Air, absolute humidity < 4 x 10"4. RE/m x 10- 6 : 8.

HOPKINS E.J. and KEENLR E.R. 1966. Study of surface Hitots for measuring skin friction at supersonic

Math numbers - adiabatic vall. NASA TN D 3478,

And Hopkins and Keener - private communications, Also Keener and Hopkins (1971)

1 The test-boundary layer was formed on the side-wall of the tunnel (W - 2.44 m) which in the nozzle

region is flexible. Observations were made on a single vertical in a central region about I m wide.

4 The layer was thus formed in a largely simpile wave favourable pressure qradiant but without strong

1 three-dimensional effects, reaching a near-zero-pressure-gradient in thq test-zone. The ijall had a

2 hand-rubbed painted surface, finishod to 0.8 pm, and was not actively cooled. A free-stream Pitot

3 survey showed that the flow was "quiýe uniform for H < 3 but less uniform at M > 3". There was free

transition, the position of which Is not known.

6 The static pressure was measured at a tapping 0.81 mm in diameter on the test vertic~l, 241 mm off
the centre line, and at three points 162 mm upstream, one ahead of the traverse vertical and the other

two ahead of a Pitot rake and a Stanton tube used in the calibration exercise which was the main concern

of the source paper. A thernocouple measured the wall temperature, A skin friction balance (developed

by NASA Ames Instrument Division) with a floating element 50.8 mm diameter was mounted on the centre

line. This was calibrated directly over a range of working temperature. A buoyancy forLe correction

was applied following the techniques of Smith and Walker (1959). Two forms of Stanton tube and six

sizes of Preston tube were mounted at varying distances from the centre line.

7 The velocity profile was measured by Pitot tubes at two stations, At one, 175 mm off the centre line,

a traversing FPP (hi . 0.33, h2 - 0.23, bl * 2.0, 1 * 6.35 mm) was employed, while at the other, 356 mm

off, a rake was employed with 12 CPP (di " 1.07, 1 10.4 mm) at vertical intervals increasing from

2,5 to 38 mm, Values from the traversing FPP are presented here.
12 The authors reduced the profile data assuming constant total temperature. The editors have replaced this

with the Crocco / van Driest temperature velocity correlation for an adiabatic wall and the assumed

constant static pressure, The source paper provides a wide ranqe of Preston and Stanton tube calibration

data not presented here. The profiles obtained with the rake are presented graphically In Keener & Hopkins
(1971), and compared with those given here.

13 The three profiles presented (Hopkins & Keener, PC) are for three Mach numbers at a near common momentum

thickness Reynolds number.

14 The CF values are the author's values measured with the balance.

§ DATA 6601 0101 . 0301. PT2 profiles, NX - 1, CF from FEB.

15 Editors' comments

The special value of this investigation lies in the comparisons, made in the source paper, between the

three different methoda used to measure wall shear, stress, The only comparable exercise with this geometry

is that of Fenter I Stalmach (1957), based on the profiles measured by Stalmach (CAT 5802), at lower

Reynolds numbers than here. With a slightly different geometry, similar Mach number and Reynolds number

ranges are covered by Winter I Gaudet (CAT 7302) and Allen (CAT 7303).

The profiles presented include data as far in as the momentum deficit peak.



CAT 6601 HOPKINS OOUNDARY CONDITIONS AND EVALUATED DATA. SI UNITS.

RUN mo TIVTP RED2W CF * 142 H1214 P4 PDO
x P0D PW/PD* RED2D CC 4432 HSN 744* 0
RZ TOO SN Da pla* H42 D2K UD IA

4.6010101 2.4'450 0.q955 3.0192'.04 1.2600"-03 3.5699 '.23490 5.6930"#03 5.6930"'-03
NM 6.42650+04 1.0000 6,2716"+04 Nm 1.80214 1.8307 2.9556'+02 1.4333'+02
INFINITE 3.140741'02 0.0000 7.7104"-03 0.0O0001+00 0.106b 1.002'4-02 5.66900+02 2.9668"+402

*66010201 2.9610 0.9678 2.69060+04 1.1100"-93 '4.5693 1.2334 3.66b50+03 3.41665*#OS
NM 1.29090405 1.0000 5.514t*+04 Nm 1.8460 1.8312 2.q1444602 1.1833.+02
INFINITE 3.2563*+42 0.0000 7.4542"-03 0.00001+00 0.1524 1.DS87"-O? 6.415810+02 3.042S*+02

*6b010301 5.4430 0.9712 2,1745"+04 q.1000".04 S.7655 lam35 2.17388+Q3 2.17340+03
NM l.S2S&0.05 1.0000 3.7318~0+0 NM 1.6491 1.8300 ?.95000#02 9.72W#01O
INFINITr 3.2712"402 0.0000 7,o49q9-03 0.00001+00 0.16R0 1.1702*-02 6.8066w4.02 3.n!71"t02

66010101 HOPKINS PROFILE TABULATIOiN ?8 POINTS# DELTA AT POINT 22

I Y PT!/P F/PD 10/TOO MIND U/UD T/TO ANO)/RI400*U/UD

1 0.00008*00 1.0O606+00 Nim 0.93916 0.00000 0.uo~oO 2.06202 0.00000
2 4.0640*.0I1 1,90l040*0 NM 0.95816 0.10257 0.54326 %.75(117 0.320?6
s 6.60I01-04J 2.0298'040 NM 0.95984 0.43310 O.S6323 1.72137 0.33010

*4 9.140*0-CA 21.4%6+00 NM 1.96130 0.45250 0.50926 1.69550 0.347s4i
5 1.1684*-03 0.2S47*400 fNM 0.962133 0.4b864 0.60631 1.67381 D.362k)

*6 1.4224"-03 ?.28101+00 N~m 0.962q0 0.4734S 0.6113A 1.66711 0.36664.
7 1.93040-03 a.4676"+o0 NM4 0,96509 0.50193 0.6400S2 1.628441 0.39333
8 2.4364'-03 a.s9330+00 NM 0.96618 0.51610 0.4650 1.60897 0.4066?
9 J4.9784"-03 1,03166*00 NM 0.9704? 0.57135 0.70732 1.33260 0146151

10 7.5154*-03 3.34950+00 NM0 0.97319 0.60655 0.73889 1.08394 0.49*91
It 1.0056"-02 3.9479"*00 NM 0.97482 0.69786 0.75728 1.04067 0.52059
12 1.2598"-02 1.7608,00 NM 0.97650 0.6'1M93 0.77572 1.41456 0.54453
13 2.S298*-02 4.4?0"1"00 Npi 0.98159 0,71825 0.62926 1.31330 0.62210
14 3.7996"-02 5.1332*400 NM 0.9817b 0.77637 0.87073 1.25786 0.69223
toI 5.06960-02 S.67970+00 fNm 0.98581 0.82057 0.84992 1.202176 0.74821
16 6.3396*-02 6.3120"+00 NM 0.99209 0.86947 0.93030 1.143419 0.813,56
17 7.6098*-02 6.6360't00 rim 0099453 0.90802 0.95239 1.04914 0.8664C
tO0 .0798"-Oa 7.3331"000 rim 0.99668 0.94342 0.97119 1.06016 0.91696
19 1.0150"-01 7.7540+00 NM 0.99639 0.97210 0.96621 1.0192k 0,9$820
ao i.1*20*-Ot 7.97814+00 rim 0.99'D?3 0.98697 0.993b) 1.01355 0.90035
al L.2690"-01 S.1098tOO0 NM 0.99975 0.99s62 .2.99788 1.0005.1 0.99333

0 22 1.3960".01 8.1169"#00 rim 1.00000 1.C0000 1.00000 1.00000 2.00000
13 1.5230"-Dl 8.2101"+00 NII 1.000112 L@0220 1.00106 0.99773 2.00330
a4 I.6000*01 A.?107t+00 N4 1.000112 1.00220 1.00106 0.99773 2.00330
25 1.7770"-0i 5.176T"400 rim 1.00000 1.00000 1.00000 1.00000o 1.00000
26 l.q040"-Ol 6,1.769"#00 rim 1.00000 1.0000) 1.00000 1.00030 2.400000
27 R.1550"-Ci P,1769*+00 NM 1.400000 1.0000ft 1.00000 .1.04000 1.000300
18 2.41120"-Ol b.1769"+00 NM 1.00000 2.00D000 1.00000 1.00000 1.00000

INPUT VARIABLES Y*U/UO CI8OENECRETIC)
*ASSUME PvP0 AND VAN DRIEST



6601-A-I

S: 2.4, 3.0, 3.4 6601
R THETA x 10-3 : 55

S•TW/TR : 1.0 ZG-A
ZPG - AW

Continuous wind tunnel with flexible nozzle. W - 2.44 H - 2.13 m L - 10 m.

0.09 < PO < 0.15 MN/m2. 310 < TO - 330 K. Air, absolute humidity < 4 x 10' 4 . RE/m x 10' : 8.

HOPKINS E.J. and KEENER E.R. 1966. Study of surface Pitots for measuring skin friction at supersonic

Mach numbers - adiabatic wall. NASA TN 0 3478.

And Hopkins and Keener - private communications. Also Keener and Hopkins (1971)

I The test-boundary layer was formed on the side-wall of the tunnel (W , 2.44 m) which in the nozzle
region is flexible. Observations were made on a single vertical in a central region about 1 m wide.

4 The layer was thus formed iti a largely simple wave favourable pressure gradient but without strong

1 three-dimensional effects, reaching a near-zero-pressure-gradient In the test-zone. The wall had a

2 hand-rubbed painted surface, finished to 0.8 lim, and was not actively cooled, A free-stream Pitot
3 survey showed that the flow was "quite uniform for H < 3 but less uniform at H > 3". There was free

transition, the position of which Is not known,

6 The static pressure was measured at a tapping 0.81 mm in diameter on the test vertical, 241 mm off
the centre line, end at three points 152 mm upstream, one ahead of the traverse vertical and the other
two ahead of a Pitot rake and a Stanton tube used in the calibration exercise which was the main concern
of the source paper. A thermocouple measured the wall temperature. A skin friction balance (developed

by NASA Ames Instrument Division) with a floating element 50.8 An diameteo was mounted on the centre
line. Thic was calibrated directly over a range of working temperature. A buoyancy force correction

was epplied following the techniques of Smith and Walker (1919). Two forms of Stanton tube and six

sizes of Preston tube were mounted at varying distances from the centre line.

7 The velocity profile was measured by Pitot tubvs at two stations. At one, 175 rmm off the centre line,

a traversing FPP (hi . 0.33, h2 • 0.23, bi . 2.0,1 * 6.35 mm) was employed, wiHle at the other, 356 mm
off, a rake was employed with 12 CPP (d1 w 1.07, 1 * 10.4 mm) at vertical intervals increasing from
2.5 to 38 mm, Values from the traversing FPP are presented here.

12 The authors reduced the profile data assumi.ig constant total temperature. The editors have replaced this

with the Cro:co / van Driest temper&ture velocity correlation for an adiabatic wall and the assumed
constant static pressure. The source paper provides a wide range of Preston and Stanton tube calibration
data not presented hcre. The profiles obtained with the rake are presented grahically in Keener & Hopkins

(1971), and cornar•ed w0t0 those given here.

13 The three profiles presented (Hopkins A Keener, PC) are for three Mach numbers at a near common momentum
thickness Reynolds nimber.

14 The CF values are the author's values measured with the balance.

§ DATA 6601 0101 - 0301. PT2 profiles. NX • 1. CF from FEB.

15 Editors' coneonts
The special value of this investigation lies in the comparisons, made in the source paper. Letween the
three different methods used to measure wall shear stress. The only comparable exercise with this geometry
is that of Fenter & Stalmach (1957), based on the profiles measured by Stalmach (CAT 5802), at lower
Reynolds numbers than hera. With a slightly different geometry, similar NaMLh number and Reynolds number
ringes are covered by Winter 4 Gaudet (CAT 7302) and Allen (CAT 7303).

The profiles presented include data as far in as the momentum deficit peak.



6601-B.l/C0I

CAT 6601 HOPKIN3 BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD * TW/TR REO2W CF * H12 1412K PW PD*
K POD PW/PD* RE02D CO H32 H12K Tw* TO*
RZ rOO 3W * D0 P12* H42 D2K UD TR

66010lOt 2.44so 0.q955 3.4192a÷04 1.2600-*03 3.S649 1.2349 5.6930,+03 5.6930g+03
NM 8.9285"+04 1.0000 6.2758*+04 NM 1.8424 1.8307 2.9556"#02 1.4333'+02
INFINITE 3.1470"+02 0.0000 7.710*-03 0.O0000O+00 0.1086 1.00204-02 5.8690o+02 2.9688*÷02

6600020 1•.9610 0.9678 2.6906*+04 1.1100'-03 4.5693 1.2334 3.4665"+03 3.46,bSN03
NM 1.2009,03 1.0000 S.4747'+04 NM 1.8460 1.8312 2.9444'÷0E 1.18331.02
INFINITE 3.2583.+02 0.0000 7.4542o-03 0.0o0o0+00 O.0aq 1.0S87'-o2 6.4581"+02 3.0425'402

6601030o 3.4430 0.9712 2.17451+04 9.1000'-04 5.7698 1.2356 2.173a"+03 2.17380+03
NM 1.5286*+05 1.0000 S.73160+04 NM 1,8491 1.8300 2.9S00•92 9.?222+01
INFINITE 3.277r*o2 0.0000 7.4999"-03 0.00004+00 O.lb20 1.1702"-02 6.8066"+02 3.0375'+02

*60bOlOl HOPKINS PROFILE TA9ULATION 26 POINTS, DELTA AT POINT 22

I Y PT2/P P/PD TO/TOD N/MD U/UD T/TO RHO/RHOD*U/UD

1 0.0000"*00 1.00000+00 NM 0.93916 0.00000 O.ulOOO 2.06202 0.00000
2 4.0640"-04 1.90408•00 NM 0.95816 0.41S07 0.54326 1.75087 0.31028
3 6.6040'-04 2.0298"*00 NM 0.9S984 0.433t0 0.56823 1.72137 0.33010
4 9.1440"-04 2.1406"00 1rm 0.96130 0.452s4 0.55926 1.69550 0.347S4
S 1.1684"-03 2.2547"+00 rim 0.96253 0.46864 0.60631 1.67351 0.36223
b 1.4224-03 2.?8700+00 rim 0.96240 0.47343 0.61133 1.66731 0.86666
7 L.9304'-03 2.6878"+00 NM 0.96509 0.50193 0.64052 1.6284o 0.39333
5 2.4382'-03 2.5933.÷00 NH 0.966t8 0,51610 0.b5464 1.60897 0.40687
9 4.97640-03 3.03866"00 NM 0.97047 0.57133 0.70732 1.53260 0.46151

10 7.5154"-03 3.3495"+00 NM 0.97319 0.6061S 0.73839 1.46398 0.49791
01 1.00580-0? 3.S4790+00 NM 0.97482 0.62788 0.75728 1.43467 0.52059
12 1.2598"-01 3.7608'+00 NPl 0.97630 0.64993 0.777•2 1.42456 0.54453
13 2.51980-02 4.4707*+00 Nt" 0.98159 0.7182S 0.82926 1.33300 0.62210
14 3.7998'-02 5.t332"÷00 Ni4 O.9Y876 0.77637 0.47073 1.25766 0.69223
IS 5.06986-02 5.67?7"+00 No4 0.98661 0.81007 0.86992 1.20276 0.74821
16 6.3396"-02 6.3120"÷00 NM 0.99209 0,86997 0.93030 1.14349 0.51356
17 7.60980-02 6.83601+00 NM 0.94043 0.90542 0.9S239 1.09914 0.86b48
1 8.6798*-01 7.3331"+00 NM 0.49466 0.943M2 0.97139 1.06016 0.91626
19 1.0150"-01 7.754,0+00 NI 0.99839 0.97210 0.96621 1.02922 0.95820
10 .1420"-01 7.9741'+00 rim 0.99925 0.95697 0.99363 1.01333 0.98035
20 1.2690*-0l S.1096"t00 NM 0.9991S 0.99561 o.qq788 1.00453 0.99336

0 22 I.3•96"-ot 8.1769"÷00 NM 1.01400 0.00000 1.00000 1.00000 1.00000
R3 1.5230"-01 8.2107"+00 NM 1.00912 1.00820 1.00106 0.99773 t.u0334
A4 1.65001-0l A.in7"400 NM 1.00012 1.00220 1.00106 0.99773 1.00314
25 1.7770"-0t 8.1769*+00 144 1.00000 1.00000 1.00000 1.00000 1.00000
ab I.9040".0I 8.1769"+00 NM 1.00000 1.00000 1.00000 1.00000 1.00000
a7 2.1580"-01 B.0769*400 NM 1.00000 1.00000 1.00000 1.00000 1.00000

* 28 2.4200• I S.1769=÷00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

* INPUT VARIABLES YUiUD MIIOENERGETIC)
ASSUME PvPD AND VAN DRIEST



6601-C'-2

66010201 HOPKt143 PROrTLE TABULATIOrl 28 POINTS, DELIA At POINT 22

1 y PT2/P P/Pr TO/TOO fi4110 U/W0 T/TO RHO/PHOD.U/UD

1 0,0000"+00 1.0000*400 NM 0.90367 0.00000 0.00000 2.48826 0.00000
2 4.0640"-04 2.1772*+00 NM 0.93952 0.37724 0.542A0 2.07034 0.26218
3 0.0400"-04 2.3292"+00 NM 0.94180 0.3qbo0 0.564m1 P.033Ab 0.27770
4 9.1440"-04 2.5044"+00 NM 0.9g426 0.41633 0.58790 1.9q397 0.29484
5 1.1684"-03 2.59L&0+nO NM 0.94546 0.2629 0.5897 1.97424 0.30339
6 1.4224*-03 2.6799"+00 NM 0.94657 0.43548 0.60905 1.15590 0.31138
7 1.9304'-03 2.8010"+00 NM 0.94907 0.45625 0.63128 1.91446 0.32974
8 2.xa84*-03 3.0.91"+01 NI. 0.95093 0.47184 0.64750 1.80321 0.34383
9 4.9784"-03 3.6636"+00 NM 0.95776 0.53014 0.70463 1.76658 0,39687

10 7.5104"-O1 4.0830"÷00 NM 0.96150 0.56302 0.73444 1.70165 0.43160
i1 1.0058"-02 4.Q059'+00 NM 0.96430 0.58817 0.75613 1.65266 0.45752
12 1.25)8"-02 Q.6561"÷00 NP 0.96334 0.b0692 0.77167 1.61663 0.47733
13 2.5218*-02 4.6757"+00 NI 0.97371 0.67777 0.82592 1.48496 0.55619
14 3.7998*-02 6.s55b"+oO NM 0.97909 0.73335 0.86SA3 1.367•48 0.62259
15 5.0696"-02 7."T~Ol00 NM 0.98376 0.78487 0.89564 1.30218 0.60780
16 6.3395*-02 8.2609*+00 NM 0.98761 0.83024 0.97124 1.23122 0.74823
17 7.b096*-02 9.0503"+00 NM 0.99090 0.67243 0.94268 1.17020 0.60557
16 8.8798"-02 9.90r50*"00 NM 0.99410 0.91392 0.96315 1.11062 0.86722
19 1.0140*-01 A.0720*÷0| NM 0.99b68 0.95265 0.90045 1.05921 0.92565
20 1.1420"-01 l.1221"+O NM 0.99802 0.97579 0.99021 1.02979 0.96157
21 1.2696"-01 I.1639*+0I NM 0.99965 0.99452 0.99752 1.00665 0,99123

0 22 1.3960'-01 .1762*+0I NM 1.00000 1.00000 1.00000 1.00000 1.00000
23 1.5237"*;| 1,1762"÷Q0 NM 1.00000 1.00000 1.00000 1.00000 1.00000
S20 1.6500"-01 l.1824"01 NM 1.00018 1.00276 1.00109 0.99667 1.00444
2S 1.7770'.01 1.18241+01 NM 1.00018 1.00276 1.00109 0.9q667 1.00444
26 l.90400-01 0.1|24'Ol0 NM 1.00018 1.00276 1.00109 0.99667 1.00440
27 2.15501-01 1.1824"901 NM 1.00018 1.00276 1.00109 0.99667 1.00444
20 2.4120*-O1 1.1762?"01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

SINPUT VARIABLES YU/UD CISOENEROETIC)
ASSUME PEPD ANID VAN DRIEST

66010301 HOPKINS PROFILE TABULATION 28 POINT•i DELTA AT POINT 24

I Y PTY/P P/Po TO/TOO M/MD U/UD T/TO RHO/RHOD*U/UD

1 0.00001t00 1.00600+00 NM 0.9001s 0.00000 0.00000 3.034.9 0.00000
2 4.46401o04 2.2061"400 NM 0.93370 0.32759 0.51889 P.50902 0.20601
3 6.6040"-04 2.4903".00 NM 0.93759 0.35669 0.55580 2.02809 0.22890
4 9.1440-04 2.6556*t00 NM 0.93967 0.37229 0.57463 2.38408 0.21111
5 1.1654"-03 2.7962"+00 NM 0.94136 0.38496 0.5A990 2.34815 0.5122
b 1.4224"-03 2.84510+00 NM 0.94193 0.38926 0.$9443 2.33594 0.25469
7 1.9304'-03 3.1506"#00 NM 0.9532 0.41496 0.62420 2.26278 0.27586
6 2.4350N-03 1.3010,#00 NM 0.94bS8 0.426904 0.63737 2.22860 0.28S98
9 4.9784-"03 3.9660,400 NM 0.95318 0.47613 0.665630 2.08984 0.3a936

10 7.5184-03 4.51÷4"*00 NM 0.9S772 0.51289 0.72321 1.98630 0.36373
II 1.0056"-01 4.86190+00 NM 0.96035 0.53463 0.742•2 1.92900 0.18508
12 1.2596'-0l S.20200÷00 NM 0.96275 O.1S44 0.76043 1.87435 0.40570
13 2.529S"-0l 6.62210+00 NM 0.97138 0.63410 0.82099 1.67b5s 0.48975
1I 317996".02 7.5636"t00 NM 0.97609 0.68107 0.85262 1.56670 0.54420
15 S.06980-02 $.ioss",00 NM 0.90132 0.73775 0.8A660 1.44425 0.61348
16 6.3398"-02 9.6450+,00 idM 0.98521 0.78346 0.91119 1.35258 0.67367
47 7.6096"-02 1.0810"toI NM 0.96633 0.82290 0.93092 1.27067 0.72773
15 8.3790"-02 1.1792"*01 NM 0.99117 0.66115 0.94779 1.21134 0.78243
19 1.0150'-01 1.3068"401 NM 0.99442 0.90644 0.96729 1.1375 0.45317
20 1.1420"-01 1.4125'001 NM 0.99681 0.94593 0.98143 1.07648 0.91170
21 1.2690"'01 I.5038"t01 NM 0.99866 0.97197 0.99234 1.03171 0.96184
2z 1.3960*-01 1.$529"401 NM 0.99962 0.99331 0.99qo 1.0OgOg 0.98882
23 I.5300-01 1.S630#01 NM 0.9996! 0.99664 0.99891 1.004os 0.99q43

0 24 1.6500"-0! 1.97330#01 NMI 1.00000 1.00000 1.00000 1.00000 1.00000
25 1.77?0'-01 1.58360*01 NM 1.00019 1.00338 1.00109 0.99544 1.00,66
26 1.9040"-01 I.5830+01 NM t.00019 1.00336 1.00109 0.99544 1.00568
87 2.i500"-01 I.9836*+01 NM 1.00019 1.00336 1.00109 0.99S44 1.00568
26 a.4120"-01 1.S733"*01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLE Y#U/UD (180ENNGMETIC)
ASSUME PEPO AND VAN DRIEST



6602-A-1

M 2.5, 3.5 6602
R THETA X 10-3 : 14 - 20 6602
TW/TR : 1,0

ZPG - AW

Blow-down wind tunnel with half block nozle. Running time 50 seconds. W - 0.114, H • 0.083 m.

PO , 0.52, 0.81 MN/m2 . TO : 295 K. Air, RE/m X 10"B : 50.

JEROIN L.O.F., 1966, Compressible turbulent boundary layer with fluid injection. Ph.D. thesis Cambridge.
AnI d Jeromin (1968)

1 The test boundary layer was formed on a solid straight wall opposing a block half-nozzle. The test zone
extended from X - 0.33 to 0.45 m where X a 0 at the throat. The ten measuring stations were at Intervals

2 of 12.7 mm on the centre line. The surface was polished and was not actively cooled. The free stream Mach
3 number varied by 1 1/2 % over the test zone. From earlier investigation% it was known that the boundary
4 layer was fully turbulent at the start of the test zone. No specific checks on the two-dimensionality of

the layer are reported, but a correction for three-dimensional effects caused a 20 % change In the value
of CF derived from a momentum analysis at the higher Mach number,

6 Static pressure holes (0 a 0.25 mm) were drilled In the surface of the plate, and the wall temperature was
7 measured by a thermocouple. The Pitot probe used was a FPP made from 1.068 mm diameter tubing flattened

so that hi a 0.204 me. This small diameter tubing, cranked up from the surface, continued inside a long
slender support structure of 6.25 mm diameter which was further stiffened by three slender fins. The TTP
was an ECP (a - 50, di 1.53, d 2 . 1.58, 1 - 25,4 mn) mounted on a support similar to that of the TPP.
An additional, cranked, TPP was constructed to make possible measurements 25,4 mm off the centre line,

9 The experimental Pitot and TO readings were recorded continuously on an X - Y plotter, and the tabulated

values measured from the trace. In data reduction a Crocco - Van Driest temperature-velocity relationship
was used, with recovery factor 0,89, as this was indistinguishable from the experimental temperature data,
The static pressure was set equal to that determined from the Pitot probe outside the boundary layer, as

10 that was considered a more accurate measurement than a value obtained from the static tappings. No profile

11 corrections were applied and Sutherland's viscosity law was used.

12 The editors have acceoted all the authors assumptions and reduction procedures. Only the two sets of

13 profiles measured on a solid plate are presented here. The author also gives data for three distributed

ass injection rates.

D DATA: 6602 0101-0210. Pitot and TO profiles, NX a 10.

15 Editors' coments

This entry is Included principally as a reference case for the pressure gradient experiments of Thomas -
CAT 7401 who used the same facility and similar instrumentation, No CF measurements were made. but the
author gives scm values deduced from a momentum balance. These do not give a good fit to the wall law in
transformed coordinates. Two other CF values are tabulated, but these are obtained from various correlation

schems, and do not represent data. The profile date do transform reasonably well using CF values from the
cortelation of Fernhola (1971). The CF value Is however slightly hiqh, The profiles 0101-0107 show no or

very little log-law region.

The profiles are given In fine detail, with stations at close Intervals so that the layer development may
be followed in detail.



6602-B-I

CAT 6602 J:ROMIN BOUNDARY CONDITIONS AND EVALUATED DATA. 3! UNITS.

RUN MD TW/TA RE02W CF H12 H12K PW PD
X POD* PW/PDA RED2D Co H3? H32K Thio TO
HZ TOD* Sw 6 02 PI2* HQ2 D2K UD TR

66020101 2.S510 1.0283 7.6517"+03 Nm 4.1720 1.4197 2.758q"+04 2.7589"+04
3.3400"-0l S.1073,*05 1.0000 I.5qL7"÷04 jM 1.7909 1.7707 2.5550n"02 1.2814"+02
INFINITE 2.9500"#02 0.000 3.1404*-00 0.0000"400 0.0822 4.4888"-04 5.7912'÷02 2.7765"t02

66020U2 2.3410 1.0350 8.10t10203 NIA 4.l613 1.4t16 2,802q"+0o 2.6029"+04
3.4650*'0! 3.1073"40f5 1.0000 1.6083"+04 NM 1,7907 1.7706 2.R950"90a 1.27411402
INFINITF 2.9200"+n2 0.0000 3.2607"-04 O.o0000O+0 0.0744 4.6748"-04 5.7516"402 2.7488"+02

66020101 2.5503 1.0280 8.27621+03 NM 4.15W9 1.4115 2.7645"ýo0 2.7645t04
3.595ON-01 5.10731"05 1.0000 l.68•8•04 N4M 1.7925 1.7796 2.6350"+02 1.27351+01
INFINITE 2.9300"+02 0.0000 3.3o264-04 0.0000"+00 0.0808 4.7980"-04 5.7703"+02 2.7577't02

66020101 205520 I.OIqS 8.47260#03 N4m 4.1228 1.4011 2.7577"04 2.7'577**00
3.72001-01 5.1081"+45 1.0000 1.6651"0#4 1M 1.7930 1.7736 2.81SON÷02 1.26770*02
INFINITE 2565000.2 0.0000 3.4773"-04 0.0000*00 0.0894 4.9465"-04 S.6063'*02 .?7906402

660201OS 2,5337 1.0336 S.$6A7103 NM 0.1574 1.3968 2.7305O*04 Z.7505*0A
3.400-.01 S.108343OS 1.0000 1.7046'+04 NM 1.7954 1.7767 2.8600%+02 1.2759*÷02
INFINITE 2.9400"+02 0.0000 3.5202"-04 0.00001÷00 0.0764 5.0198"-UQ 5.7834"+02 2.7669"+02

66020106 1501A7 8.,385":03 NM 4.140b 1.3985 2.7365O+04 2.7365"+04
3.97500-01 5,,q34+43 1.0000 |,7689"*04 NM 1.7950 1.7759 2.6400"+02 1.27610+02
INFINITE .9430"+02 0.0000 3.6679"-04 0.00001÷00 0.0640 S.22200-04 5.7917'"02 2.7714"+02

66O ., 2.5608 1.0231 q4.631"÷03 IJM 4.1273 1.3892 2.7200"+04 2.7208"a04... 0300-01 5.1093"t05 1.0000 I.1331+00 l iM 1.7947 1.7797 2.8400*+02 1.2762"+02
INFINITE 2.9500*+f2 0.0000 3.77631-04 0.00000400 0.0567 5.3I5SO-04 5.8002*+02 Z.775q9"02

66020106 2.5644 1.021| q.0477*,03 NM 4.10q8 1.3?17 2.70571÷04 2.70S71+04
4.2200'-01 5.1093÷s05 .0O000 1.7899"+04 NM 1.8028 1.784? 2.450*+02 1.2786'002INFINITE 2.9600"#02 0.0000 37529.-04 0.00000÷00 0.0904 S.2MQW-04 5.8136"÷02 2.7851"+02

66020109 R.5754 1.0356 9.3044",03 NH .1914 1.3862 2.66004#04 2.66001+04
4.3500"-01 S.1093"*05 1.0000 1.88110+04 NM 1.7987 1.77q7 2.850(1*02 1.2572'.02
INFINITE 2.9250+02 0.0000 3.Qo004-04 0.0000"+00 0.0747 5.5687*-04 5.78980#02 2.7516"b02

64020l10 2.5619 1.0320 9.56, 60+03 NM 4.1345 1.3753 2.7162"N04 2.71620#04
4.4650,-Ol S.1093"*05 1.0000 1.9081"+04 NM 1.8022 I.7842 2.6S530'"0 1.2713"*02
INFINITE ?.9400"+02 0.0000 3.9570'-04 0.00000+00 0.0773 5.603b"-04 S.7%154002 2.7665"O02

66020201 3.60s8 1.0445 4.3211*,03 NM 7.0109 1.4462 9.1736N+03 9.1738"#03
3.34000-01 8.1238*+05 1.0000 1.3122"÷04 NM 1.7920 1.777 2.86000#02 8.2492"'01
INFINITF 2.9700+02 0.0000 3.0465"-04 0.00000+00 0.0930 5.6623"-04 6.5662"+02 2.74•69•02

66020202 3.6007 1.0501 4.5140"+03 NM 6.9470 1.4207 4.2397"÷03 9.2397"+03
3.4680*-01 8.12368+05 1.0000 1.3708"004 NM 1.7919 1.7632 ?.8750"402 8.23821+01
INFINITE - 2.96001+02 0.0000 3.1603'-04 0.0000"+00 0.0926 5.8405"-04 6.5526÷02 2.73786%02

66020201 3.3882 1.0428 .70230+03 NM 6.9132 1.4320 q.4021"+03 9.4021"+03
3.59004-01 8,142"0t5 1.0000 1.d364"t04 NM 1.79io 1.7592 2.6650"+02 8.3076"401
INFINITE 2.9700.02 0 0.0000, 3.3066"-04 0.000,Oo0 0.0980 6.122SI-04 6.55730+02 2.705N+02

66U202Ui 3.3916 1.0627 4.61374"03 NM 6.9700 1.4131 q.3562*÷03 q.3562"+03
3.72001-01 S.1219.*o5 1.0000 1.o79oo0÷o. NM 1.7"2 1.7631 2.8950"+02 8.22640+01
INFINITE 2.4Q50"+02 0.0000 3.3687*-O4 0.0000"+00 0.0793 6.2568"-04 b.S3S104*0 2.7243*+02

66020205 3.7850 1,0513 S.0527"+03 NM 6.8731 1.4129 Q.366*+03 9.5369"+03
3.8030'-01 8.1219"#05 1.0000 1.5241"÷04 NM 1.7949 1.7654 2.8650*+02 6.271so'0l
INFINITE 2,945"U002 0.0000 S.4466*-04 0.0000"+00 0.0909 6.3443*-0• b.52'4*+02 2.7241"+02

66020206 1.5766 1.0461 S.14685o03 NM 6.8481 1.4096 q.5518$'03 9.5518*+03
3.9700'.01 8.t209'"05 1.0000 1.5450"+04 NM 1.7931 1.7633 2.8b00"+0? 8.3036*4U1
INF INTY 2.95sol0"2 0.0000 3.q58bo-04 0,00000+00 0.0952 6.4l10O-04 6.53491+02 2.734•"+02

€6020207 3.5721 1.0424 5.2877*+03 NM 6.8207 1.4122 q.6152i0+3 9.6152"+03
41000-0•- 8.1209*+D5 1.0000 1.5791*÷04 NM 1.7948 0.7645 2.5550'÷U2 5.3330'*01
INFINITE 2.96b0"4+O 0,0000 3.5370*-04 0.00000+00 0.0978 6.5733"-04 6.S3800#02 2.7368**02

66020208 365%27 1.040S 5.52730+03 NM 6.7731 1.4222 9.6517'.03 9.8617"*03
4.23004-01 6.tZO094÷0 1.0000 1.6348"+04 NM 1.7929 1.7623 2.8600"+02 8.4271"+01
INFINITE 207000o÷0a 0.0000 3.69390-04 0.00000+,00 0.0993 6.75060-04 6.5390*+Qg 2.74664÷02

66010209 3.5504 1.0369 5.76080+03 NM 6.7057 1.1194 9.4139"+03 9.9t39•+03
4.35000-01 8.1209'÷05 1.0000 1.70311+04 NM 1.7912 1.7612 2.6550"+02 8.44911÷01
INFINITE .9790"+Oa 0,0000 31.530"-0 0.0000*+00 0.1023 7.057S8-04 6.3032"402 W.75314+02

66020210 3.2l9 1.0005 3.7557,003 NM 6.7511 1.409M 9.8709g.u3 9.8789"+03
0•,a0"-t0 8,1209*'05 1,0000 .701,0'004 NM 1,7911 .7617 2,6610"401 S,06•*÷O
INFINITE 2.97500+02 0.0000 3.55SSN-04 0.00000÷00 00995 7.0380"-uM b.S446"*U2 2.7534'÷02



(602-C-I

66020106 JEROMIN PROFILE TABULATION 42 POINTS, DELTA AT POINT 42

I y PT2/ P/PD TO/TOU M/Mn U/UO T/70 RHO/RHOD*U/UO

1 0.0000,400 1.0000*+00 NM 0.96464 0.00000 0.00000 2.22614 0.00000
2 1.1400"-04 1.65241+00 NM 0.9663S 0.-:4350 0.47745 1.93198 0.24713
3 1.6500*-04 1 .8676"tO0 NM 0.96615 0.38654 0.52845 1.86906 0.28273
4 2.0200"-04 2.0070"00 NM 0.969i 0.441041 0.55b64 1.63295 0.30314
5 2.T400"-04 2.123?7"00 NM 0.97155 n.45783 0.60734 1.75973 0.34513
6 .4?700*-OJ 2.6146"$D0 rim 0.97357 0.49616 0.646804 1.69961 0.38058
7 4.2000"-04 2.8b672"00 NM 0.97514 0.52671 0.67683 1.65130 0.40988
6 4.9300"-04 3.0195400 NM 0.97615 0.54416 0.69343 1.62389 0.42702
9 S.6600*-04 3.13370+00 NM 0.97b68 0.55684 0.70523 1.60398 0.43967
10 0.3600"-04 3.2750"+00 tIM 0.97770 O.S718a 0.71893 1.56037 0.45491
11 7.8600"-04 M.'500200 NM 0.97694 0.59551 0.73983 1.5433b 0.47936
12 9.2900*-04 3.7032"00 NM 0.98013 0.61580 0.75722 1.51205 0.50079
13 1.0750*-03 3.8933s*00 NM 0.98121 0.63417 0.77252 1.46345 0.52059
14 1.2120-03 4.0443"+00 NM 0.98195 0464836 0.78402 1.46224 0.53616
15 1.3660*-03 4.2346'+00 NM 0.98292 O.M6579 0.79762 1.43593 0.55561
16 1.5I20-03 4.41312"00 NM 0.98394 0.68383 0.81172 1.40902 0.57609
17 1.6570"-03 4.6149'400 Nm 0.98465 0469926 0.82332 1.36632 0.59369
18 1.8030"-03 41.8040+00 NM 0.98565 0.71528 0.63502 1,36281 0.61272
19 1.94160-03 5.0191|*00 NM 0.98667 0.73308 0.84772 1.33720 0.63395
20 2.0940"-03 9.10b9609 0 NM 0.98749 0.74745 0.B5771 1.316R0 0.65137
21 2.2390"-03 5.41W6+00 NM 0.98838 0.76444 0.86921 1.29289 0.67230
22 2.3850"-03 5.S768".00 141 0.98912 0.77726 0.87771 1.27518 0.*8330
23 2.5310'-03 5.8037"00 NM 0.98996 0.79451 0.86881 1.2sl4a 0.71021
24 2.6160*-03 6.0194"+00 NM 0.99063 0.81056 0.89891 1,22967 0.73090
2s 2.8220"-03 6.2343*00 NM 0.9918q4 0.2624 0.90851 1.20906 0.75142
26 2.96?0"-03 6.4375S100 NM 0.99241 0.84078 0.91721 1.1900o 0.77073
27 3.1130"-03 6.66'15+00 NM 0.99319 0.65676 0.92651 1.16945 0.74226
28 3.2580"-05 6.86786"00 NN 0.99396 0.87077 0.93451 1.15S75 0.81138
29 3.4040%-03 ?.0829'.00 fiM 0.99464 0.88558 0.94261 1.13344 0.83•8•3
30 3.5500"-03 7.5116*%00 ti 0.99544 0.410064 0.95090 1.11473 0.85303
31 3,b69g0-,;3 7.520"+00 NIA 0.9960a 0.91465 0.95810 1.09773 0.872910

32 3.841•0-03 7.7151',00 Nm 0.99666 0.92699 0.964?0 1.08302 0.89075
33 3.9660"-03 7.4312"+00 NM 0.99738 0.94074 0.97170 1.06642 0.91076
34 4.1320*-03 6.1210*400 NI 0.99787 0.95267 0.97760 1.05302 0.92838
35 4.2770*-03 8.335S"+00 NM 0.99851 0.96601 U.98410 1.03761 0.9492S
36 4.0230"-03 8,5130*400 NM 0.99904 0.97607 0.98930 1.02561 0.96b460
37 4.5680"-03 8.62680#00 NM 0.99925 0.96378 0.99250 1.01761 0.97514
36 4.7140"-43 6.7294"+00 NM 0.99957 0.96997 0.99540 1.01oo 0.986457
39 4.86000-03 8.0077"+00 N4 0.99964 0.99467 0.99760 1.00590 0.99175
40 5.0050"-03 8.85940+00 NM 0,99995 0.99775 0.99900 1.00250 0.99651
41 5.1510'-03 6.85S3*#00 NM 1.00001 0.99930 0.99970 1.00080 0.99890
4 12 S.2960"-03 6.89710+00 Nm 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y#U/IJDT/TD A3SUME PsPD



6602-(-2

66020205 JEROMIN PROFILE TABULATION 43 POINTS# OELTA AT POINT A3

I y PT2/P P/Po lo/TnD M/Mi U/UO T/TD RHO/RHOD*U/UO

1 0.0000*+00 t.0000'"O0 NM 0.97284 0.00000 0.00000 3.46370 0.0O0nO
2 L.14001-04 1.699q2t00 NM 0.96541 0.25274 0.43440 2.95410 0,14705
3 2.0200"-ol0 2.3115"+00 NM 0.96789 0.32619 0.53bo0 2.70830 0.14821
4 2.7400"-04 2.7471÷00 NM 0.96979 0.36629 0.58720 2.57000 0.22548
S 3.4700"-04 3.0368"+00 NM 0.97098 0.3902a 0.41550 2.4871u 0.24748
4 4.9300"-04 1.5785"i00 NM 0.97314 0.43126 0.6bo,0 2.34710 0.28150
7 0.3000"-04 3.9405"+00 NM 0.97461 0,.5042 0.66660 P.26300 0.30340
a 7,8o00"-04 4.26*55'00 NM 0.97577 0.17781 0.70750 2.19250 0.32269
9 9.2900"-0* 4.3015*n00 NM 0.95620 0.48012 0.702s0 2.14090 0.32813

10 1.0750"-03 4.60720+00 NM 0.97767 0.51139 0.73840 2.08490 0.35417
11 l.2210-D03 5.0602"+00 NM 0.9781S 0.12630 0.75140 2.03830 0.36864
12 1.$660-"03 .3l942"t00 NM 0.97942 0.54086 0.76370 1.99380 0.38304
13 1.51200-03 1.53681+00 NlM 0.98011 0.5S29% 0.77360 1.95730 0.39524
1*4 |.5t0*-03 S.0204*tOO NM 0.98101 0.56871 0.78blO 1.91060 0.41144
15 i.B0300-03 6.l4s3*+00 uM 0.98196 0.88588 0.79920 1.86080 0.42949
16 1.94800'03 6.4699*+00 NM 0.98281 O.6023 0.011*4 1,81350 0.44742
17 2.0940"-03 6.7599*÷00 NM 0.98367 0.61702 0.82170 1.77350 0.46332
28 2.2390*-03 7.213*.00 NM 0.98458 0.b460 0,83370 1.72590 0.48305
19 2.38500-03 7.48?296 00 NM 0.98547 o.blib8 0.84490 1.68090 0.50265
20 2.6030'-03 7.9528"÷00 NM 0.9466S 0.67330 0.85850 1.62sa0 0.52805
21 2.8220"-03 8.4948'+00 NM 0,98760 0.6973s 0.87280 I.16650 0.55717
22 3.0400"-03 9.1097'+00 NM 0.98909 0.72366 0.58760 1.50*440 0.59000
23 3.2as0"-03 9.68800+00 NM 0.99025 0.74756 0.90030 1.4•000 0.62073
24 3.4040*-03 1.01,S1+01 NM 0.99108 0.76638 0.90980 1.q0930 0.60157
25 3.5500"-03 1.09921+01 NM 0.99686 0.78344 0.91810 1.37310 0.66854
a6 3.6950*-03 1.1026"÷01 NM 0.99264 0.60009 0.92590 1.33920 0.69118
k7 3.84110-03 1.1423'+01 NM 0.99323 0.81500 0.93260 1.30940 0.71223
26 3,9,60"-03 1,1638"1÷0 NM 0.99312 0.82301 0,93610 1,29370 0.723S8
29 4.13200-03 1.24704+01 NM 0.99475 0.85315 0.94880 1.•080 0.76714
30 .2?770"-03 1.29750+0l NiM 0.99744 0.67095 0.9S590 1.20460 0.793S4
31 4.4230"-03 1.34814+01 NM 0.99609 0.88*41 0.96260 1.17400 0.61993
32 4.56000-03 1.39404+01 NM 0.99680 0.90561 0.96900 1.14490 0.84636
33 4.7140*-03 1.4*421+01 NM 0.99727 0.91995 0.1?410 1.12120 0.86880
34 4.8600"-03 1.49304401 NM 0.99791 0.93660 0.97990 1.09460 0.898s2
IS 5.0050"-03 1.53954÷01 NN 0.99642 0.9'165 0.98090 1.07110 0.91912
3s. 5.1510"-03 1.533"401 NM 0.99698 0.96542 0.98940 L.01030 0.94202
37 5.2960*.03 1.6159"M01 NM 0.99925 0.97563 0.99260 1.03s8O 0.91894
le38 S.44ao0.03 1.6411"0M NM 0.99948 0.98341 0.99100 1.02370 0.97196
39 S.5870"-03 1.6626".01 NM 0.99961 0699004 0.99700 1.01410 0.98314
40 S.7330"-03 1.6773"f0l NM 0.99959 0.99453 0.99840 1.00780 0.99067
41 5.87900-03 1.6879n÷02 NM 0.99966 0.99775 0.99930 .00310 0.94021
42 6.0240-Ol 1.6918p*01 NM 0.99999 0.99891 0.99970 1.00210 0.99820

0 43 6.1700'-03 1.8912401 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YFUiUDotTi0 A38UME PmPD

I,



6701-A-I

oxisymmetric
M : 6 6701
R THETA X 10-3 : 3 - 14

_TW/TR 04 - 0.5 ZPG - SHT

Windtunnel: blow-down but effectively continuous, runninq time up to 45 minutes with 10 minutes settling
time. W - 0.51, H - 0.52 m, PO : 3.6 MN/m2 . TO : 480, 550 K. Air, dewpoint 186 K. RE/m x 10-6 : 33, 29.

SAIMJELS R.D., PETERSON JB. and ADCOCK J.B, 1967, Experimental investigation of the turbulent boundary
layer at a Mach number of 6 with heat transfer at high Reynolds' numbers. NASA TN 0-3858.
And Adcock, Peterson and McCree (1965)- CAT 6501.,.Peterson J.5. private communication,

The test arrangements were generally those for Adcock et al. CAT 6501 and only the differences will be
described here.

I The model was actively cooled by passing cold Freon In the gap between the Inner (t - 2,39 mm) and outer
(t - 3.05 mm) skins. The variation in TW/TR was obtained mainly as a result of changing the reservoir TO.
The wall temperature was effectively independent of X for theTW/TR a 0,44 case, but varied by about 8 % (E]

3 for the TW/TR - 0.5 case, Transition was forced,

6 Provision was made to measure the heat-flux at X - 305, 610 and 914 mm, using a differential thermocouple
7 heat-flow meter of the type described by Beckwith & Gallagher (1967), The total temperature In the boundary

Slayer was measured with a STP for which d, - 0.61, d2 I 0.36 and I - 9,6 me, The tip was chamfered towards
the outside surface at 450, and contained a chromel-alumel themocouplo 1.1 mm back from the entry, There

,8 were two vent-holes 0.18 mm in diameter 1.27 mm back, The probe was calibrated as in CAT 6501. Pitot
profiles were taken at X - 203. 279, 838, 940 and 1016 mm. TO profiles were taken for all these stations
when TW/TR - 0.44, but only for the last three for TW/TR - 0.60,

9 The authors have interpolated the TO data to the Y-values of the Pitot data. Por those cases (0201.2) for
which no TO profile was measured an assumed profile was used based on that observed downstream at the
same station for TW/TR a 0.44. The authors found an unexpectedly large "overshoot" in the TO profiles,
and in the calculation of their Integral data, replaced the measured distribution in the outer part of the
layer with an exponential variation without overshoot, Wall data necessary for the reduction of the profiles
was adjusted to the appropriate X-value, No TW date is explicitly presented in the source paper, the
measurements being ,I:'sorbed In global average values of TW/TR.

12 The editors have presented the profiles using the measured temperature data, with overshoot. They have
accepted the notional TO profiles for 0201.2. It has been assumed that there is no normal pressure
gradient.

13 Sets of profiles, each for 6 successive X values, are given for each of two TW/TR values, The heat transfer
16 data in Section D ; a global average of up to 12 readinqs for each X and TW/TR value, prepared from the

authors' original dota, No attempt has been made to interpolate it to the X values of the profiles.

§ DATA: 6701 0101-0204. Pitot and TO profiles, obtained separately. NX a 5. Some heat flux data.

15 Editors' coamnte

The results should be taken in conjunction with the earlier AW case reported by Adcock at al. - CAT 6i01,
There remains little comparable data, the closest nmporisons being Danberg - CAT 6702 and Keener I Hopkins -

CAT 7204.

The overshoot of the measured temperature profiles is large enough to cause an apparent associated over-shoot
In the velocity profiles. This seems improbable, but we have presented the measured values as users are free
to insert their own assumptions If they so wish, Leaving aside the overshoot question, there are substantial
differences between the measured TO values and the Van Oriest correlation. The temperature measurements must
clearly be treated with reserve. The innermost TO values (sometimes up to 6) are interpolations.
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CAT 6701 SAMUELS BOUNDARY CONUITIONS AND EVALUATED DATA. S3 UNITS.

RUN Mo * TN/TR RED2W Co HIZ H12K PW PD
X * Poo* PW/PD* RE02D CO H32 1132K TW* TO
RZ * TOO* SW * D2 P0" M'42 02K UD TR

bOQ0GIOt 5.9200 0.4867 9.6556"+02 NM 16.4048 1.4k50 ?.0759*+03 e.Q75q"+03
2.0300*-O1 3.6000"+06 1.0000 3.1481"03 N1M 1.265 1.7885 2.1500"02 6.0680"÷O0
7.6200"-02 4.86000402 0.0000 1.0424'-04 0.0000*+00 -0.0440 2.4948"-04 9.2460-402 4.417?N+02

6701010? 5.9400 0.4867 1.7517"+03 NM 14.6045 1.3130 2.1319"+03 2.93190+03
2.7900*-01 3.61000+06 1.0000 S.7012"#03 NM 1.6437 1.8156 2.1500"0*2 6.0322N+01
7.6200'-02 4.8600'02 0.0000 1.9130'o04 0,0000÷+00 0.1225 4.3928"-04 9.2499"+02 4.4113"+02

67010103 5.9800 0.4848 3.2404N+03 NM 1.99s50 1.2944 2.3338"+03 2.3338%+03
8.3600,0-0 3.b1004+06 1.0000 1.07101+04 NM 1.6214 1.T968 2.1500"+02 S.90621+01
7.6200*-02 4.88001+02 0.0000 3.6489P-04 0.00004,00 0.0908 8.8912"-04 9.2?66"+02 1.4317*+02

67010104 5.9800 0.4898 3.?52cb03 NM 15.3237 1.3565 2.3335"+03 2.333s"+03
9.4000"-01 3.bI00.+06 1.0000 1.08630#04 NM 1.8263 1.7919 2.1500"÷02 5.92419+01
7.6200*-02 4.8300"02O 0,0000 3.6442"-04 0.0000'00 0.0729 5.99?17-04 9.22869'02 4.3893*+02

6701010o 5.9700 0.1868 3.1480*#03 NM 14.8384 1.3019 2.3579"+03 2.357q"+03
1,01bo0"00 3.6100*#06 1.0000 1.1790*#04 NM 1.8264 1.8000 2.1500"+02 5.954'"601
7.6200"-02 4.64000402 0.0000 3.9507*-04 0.0000"400 0.1021 9.508*"-04 9.23bb"402 4.3446"+02

67010201 S.9900 0.4272 q.1304"+02 NM IS.0323 1.4448 2.31004+03 2.3l000+03
2.0100'-01 3.61001#06 1.0000 2.6759**03 NM 1.6181 1.788? 2.l000".0? 6.b6bq6"40
7.6208"-02 5.4100"#02 0.0000 1.061*-04• 0.0000'400 0,1361 2.3q00"-04 9.Tbq4"tU2 4.98b*+"02

6701020? 5.9800 0.4248 1.37370+03 NM 13.9348 1.3864 2.3274"+03 2.3174R"03
2.7990"-01 3.60004406 1.0000 3.9180+03 NM 1.8232 1.7/01 2.|"OU ?i0O 6.67114+01
7.62000-0a 5.4400"02 0.0000 1.6059'-04 0.00001+00 0.2476 3,5719'-04 9,7q4+402 4.q41•1602

67010203 6.0000 0.4315 3.13430+03 NM 13.9278 1.3246 2.1016"403 2.1016b003
6.3600"-01 3.6000÷0+0 1.0000 9.5907"+03 Nm 2.8332 1.7979 2.1000"#02 6.3364"+01
7.61000-02 5.3200"÷02 0.0000 3.8408"-04 0.0000"+00 0.2774 9.1382"-04 9.7052V#02 4.8326"+02

67010104 6.0400 0.4257 3.49330+03 NM 13.7921 1.3053 ?.14'100#03 2.1949N*03
9.4000"-0l 3.6100"+06 1.0000 1.0311re04 NM 1.8241 1.7973 2.1000"#01 6.545'"÷01
7.62000-02 5.4300*+02 0.0000 4.24620-04 0.00000+00 0.1617 1.0057"-03 9.1972"402 4.4333'402

0701010i SAMUELS PROFILE TABULATION 18 POINT3, DELTA At POINT I8

I PT2/P P/PD 10/()I) 0,'lit oujt /• /,.,: ANO/PHnD*U/UD

1 0.00000+00 1.0000to0 IlM 0.44239 0.00000 0.00000 3.54120 0.00000
2 8.9000"-05 3.4666*400 NM 0.h2392 0.26100 0.4m000 3.332?2 0.111292
3 1.0400"-04 3.82?5"÷00 NM 0.63099 0.27100 0.4O•00 3.33635 0.L4837
4 2.7200*-04 7.1369"400 NM 0.82216 0.3n400 0.o0100 3.23413 0.21140
5 3.2000*-04 9.37260+00 tiM 0.8507q 0.44400 0.75100 2.86097 0.26250
6 4.7800"-04 1.2768"÷01 NM 0.90532 0.52200 0.82400 2.49160 0.33068

9 1.06901-03 .6660*÷01 NM 0.96I84 O.q90O0 0.840nO 2.20761 0.40325
10 1.3310"-03 l.1474'•l401 M 0.98301 0.64900 0.92bo0 1.94206 0.45963
11 I.b940'-03 P.??670+01 WI .,OO2AA 0.70300 0.14300 1.79934 [l.5408
12 1.4810"-03 2.,113*401 NM 1.01000 0.74800 0.9s900 1.64371 0.56542
Is a.61600-03 3.11530+01 I4M 1.02159 0.83000 0.60500 L.36161 0.71294
14 1.11200-03 3.9240'001 Nm 1.02017 0.92700 1.00300 1.17069 O.8sbTb
Is 4.0110$-03 4.3272"401 NM 1.01074 0.97400 1.00200 1.05832 0.94678
lb s.0?90"-03 o.980140l NM 0.99976 0,4q31O 0.9q900 1.012O 2 0.94704
17 6.0710'-05 4.S47*'401 NM 1.0002 0.4q9O00 1.00000 1.00200 O.gq900

0 18 7.16W00-03 1.55W7"M01 NO 1.00000 1.00000 2.00000 1.00000 2.00000

INPUT VARIABLES Y#U/UD#M/MD ASSUME PmPD



6701-C-2

67010105 SAMUELS PROFILE TABULATION 22 POINT5, DELTA AT POINT 22

I PTaP P/PO TO/TOO N/Mo U/UD TITO PHO/RHnO*U/UO

1 0.00003100 1.0000"+00 NM 0.44510 0.00000 0.00000 3.61700 0.00000
2 8.9000"-05 2.qb71'"00 NW 0.53547 0.23054 0.40959 5.15654 0.12976
1 1.3000*-04 I.q640"+00 Nm 3.58165 0.1534q 0.4.io! 3.24364 0.1o075
4 1.3900"-04i 4.424*+00 NtM 0.69152 0.29242 0.546o'3 3.49224h 0.;sb4.8
5 4.45000-04 7.2575"+00 Nw 0.80042 0.364?3 0.686102 3.170.5 0.21574
6 4.9000"-04 7.qqnsoo00 NM 0.81090 0140319 0-70410 3.05129 0.21082
7 7.7500"-og 8.9119*+00 NM 0.83579 0.4?615 0.733?7 2.96076 0.24766
8 9.8800"-04 9.1264+00 WIN 0.64*135 0.43413 o.7a0,6 2.93901 0.25323
9 1.3110"-03 q.0555"OO Nv 0.66370 0.4S210 0.76424 2.85755 0.26744

10 1.5240"-03 I.nfW3"+01 IlM 0.87414 0.46607 0.77822 2.78810 0.2791?
11 i.5410"-03 I.1141"i01 NW 0.88799 0.48303 0.79520 4.71021 0.24341
12 2.i590*-03 1),1991*+0 tm 0.89961 O.S0100 0.8111q 2.6?163 0.30902
13 2.5300"-o0 1.2784*+0I 1M 0.91159 O.51796 0.82617 2.54416 0.32073
14 0.9150"-u1 1.16b52•+•1 NM 0.92577 0.53593 0.84216 2.46930 0.34105
IS 4.1480*-03 1.67059#01 NM 0.95856 0.59581 0.88511 2.2069a 0.40106
16 !.7050"-03 2.09WsO24t NM 0.98879 0.66766 0.92607 I.9?38h 0.0813h
17 7.3510"-03 2.6313

1
i01 NM 1.01171 0.75050 0.96104 1.6397? 0.58608

18 8.9690".03 3.22590401 N4M 1.02319 0.83234 0.98501 1.4005a 0.70332
19 i.Ob27"-O 3.1982"+01 NM L.02559 0.91617 1.00100 1.19376 0.83853
20 1.2131-Oa2 4.39i3•.0I NM 1.01497 0.97305 1.00400 1.064161 0.90307
21 1.3848"-0? 4.5714"t01 NM 1.00374 0.99301 1.00100 1.0161s 0.98509

0 22 1o.533"-02 4.6353"'Il NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VA4IAULLS YU/IUD#H/fO ASSUIIE PuPD

67010201 SAMUELS PROFILE TABULATION 16 POIN4TS, DELTA AT POINT 16

1 P72/P P/PD TO/TO0 A4/M U/IUD TITO RHf/IRtO*U/UD

1 0.0000"#00 1.0000"too rM 0.388q5 0.U0000 0.0000o 3.1e0ol 0.000l0
2 8.9000'-05 3.3589"+00 1im O.6251q 0.24800 0.46703 3.50634 0.13170
3 1.0200-00 0.0611*#00 iM 0.6b4b32 0.27745 0.S1149 3.39d74 0.15010
4 1.45001-04 6.316I1#00 flM 0.68351 0.35529 0.60839 2.93226 0.10748
5 2.5l00"-00 9.7115"$00 NP 0.75780 0.40711 0.71329 2.,05)0 0.28026
6 S.2600"-04 1.3988"÷sO riM 0.86909 0.54092 0.81918 2.23419 0.35718
7 6.7600•00 1.621b"+Oi riM 0.90212 0.58383 0.0si4) 2.14036 0.39907
8 8.0800"-04 1.6487"'Ol NM 0.9205 0.58882 0.06513 2.15873 0.40076
9 1.2070"-03 1.9670,01 Nm 0.9A582 0.6T471 0.90310 1.96218 0.46025
to 1.53201-01 2.3142't01 NM 0.97897 0.70060 0.93207 1.7 6 qq3  04,52661
It I.q280"-03 2.7043H401 NM 1.00281 0.75808 0.95904 1.Sq97b 0.59987
12 2.6670"-03 3.41AO"fnl NM 1.02037 O.O5429 0.98801 1.33756 0.73867
23 3.4270"-03 4.1468"M01 NM 1.02770 0.94212 1.00599 1.14n20 0.88229
14 4.064OO-0 4.5107m#01 NM 1.01835 0.98303 1.00691) 1.04434 0.95964
15 5.0270"-03 4.6385"401 NM 0.99870 0.9T701 O.94q00 1.00"81 0.99501

D 16 6.05500-03 4.6661t+01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIAdLES YpU/UOjt'/MO ASSUME PePD
AT Ili OATA w9RC AVERAGED

67010204 SAMUEL$ PROFILE TABULATION 21 POINTSo DELTA AT POINT 20

I PT?/P P/PD TO/TOD KIrMD U/UD T/TD RO/RN•H*U/UD

I 0.0000"'00 1.0000"*00 NM 0.386714 0.00000 0.00000 3.20852 0.00000
2 8.9000*-05 2.863o0+00 NM 0.48557 0.22278 0.3831Z 2.q5747 0.12954
3 1.6100"-04 3.7765"+00 NM 0.59072 0.26374 0.47552 3.25092 0.14027
4 2.bq00-O04 .6572"+00 NM 0.72153 0.33167 0.60440 1.32074 0.18201
5 3.0700"-04 6,.116n"+00 Nu 0.74510 0.35960 0.64136 1.18028 0.20167

4 4.8300"-04 ?.6807"+00 NM 0.70133 0.39161 0.68931 3.0983? 0.22248
7 6.99001-04 8.74771+00 NN 0.815q9 0.41958 0.72228 2.96332 0.24374
4 1.0190"-03 9.2260"400 NM 0.83431 0.43157 0.73926 2.93424 0.25194
9 1.3410"-03 9.8011,*O0 NP 0.84797 0.40555 0.75524 2.87325 0.26285

10 1.6050"-0l 1.01"tOl NM 0.85704 0.46154 0.77023 2.78500 0.276561 21.3SE50:-053 1,2qqqtol NH 0.88813 0.4q750 0.80619 2.62596 0.30701
IZ 3.0000"-05 1.3731"+O1 NM 1.04575 0.53147 0.03217 2.05670 0.33q4313 3.7010*-o0 1.5435"+01 NM 0.92642 0.5644 0.85914 2.31666 0.37082
I4 5.0930"-03 1.0311"*O! Nw 0.46447 0.63317 0.90410 2.03760 0.44371
IS 6.3430*-0l ;t,3311v+01 NM 0.98930 0.69550 0.93T06 1.80074 0,S2038
tb 7,6680"-03 2.7111n0"0 Nm 1.00T15 0.76324 0.96304 1.59209 0.60489
17 9.2|30*-03 s.no0b6"01 Nm 1.02116 0.54515 0.96701 1.36387 0.72369
1d 1.0932*-02 4.IIM3*÷Ol r•m 1.01651 0.93107 1.00000 I.IS355 0.b6689
0q 111?461-0/ 4.4946"Mn Nm I.on7qb 0.90402 1.00200 1.03688 0.9o636

0 20 1.40941-02 4.7415*+01 NP 1.00000 1.00000 1.00000 1.00000 1,00000
At 1.6120"-02 4.7154"M0 Nm 0.99873 0.99700 0.99900 1.00401 0.941501

INPUT VARIAJLCS YpU/Ur)#M/MO ABSUME PsPD
AT Is2 DATA NCRC AVERAGED
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6701 SECTION D: ADDITIONAL DATA: HEAT TRANSFER KEASUREINTS

The data are presented for mean values of the wall temperature in each
case. The number of readings given is steadily reduced by eliminating the

least characteristic point.

TW/TA x Number of CQ me n Standard
(nominal) (m) Readings x 09 deviation %

0.6 0.305 9 3.77 3.2

(series 8 3,80 2.8

01) 0.610 9 3,73 2.3

"8 3.76 0.5

0.914 3 3.03 -

0.44 0,305 12 4.32 5.1

(s$rits 11 4.36 3.7
02) 10 4.39 3.3

0.610 12 4.53 6.0

"11 4.48 3.8

"10 4.45 3,2

0.914 8 3.81 7.8

7 3.90 3.2

Ii
I(
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M : 6.5 6702
R THETA X 10.3 : 1.3 - 6

TW/TR 0,5 - 0.9 ZPG

MHT / SHT

Continuous tunnel with symmetrical nozzle. W - H 0.25 m.
1.5 < PO< 4 MN/m/2. TO : 550 K. Air, dew point 215 K. 8< RE/m X 10' 6 < 20.

DANBERG J.E., 1957. Characteristics of the turbulent boundary layer with heat and mass transfer: Dota

tabulation NOLTR 67-6,

And Oanberg (1964). Danberg J.E., private communications.

I The test boundary layer was formed on a flat plate model 0.59 m long spanning the tunnel and aligned with
the plane of symmetry of the nozzle. The leading edge (X - 0), chamfered at 100, had a radius of approxi-
mately 0.015 mm and was located approximately in the nozzle exit plane. Tunnel wall boundary layers were
compensated for by increasing the working section and the plate widths from 0.254 to 0,272 m over their
length. The plate was designed for tests with mass addition, and for X > 50.8 mm, the surface was composed

of a sintered steel Insert 10.67 mm thick. The roughness was less than 1,8 im and the surface was flat
within t 0.127 mm, The insert was actively cooled by passing a coolant through 15 passages aligned with

2 the long axis of the plate, buried in the under surface of the sintered portion. Static pressure variation
3 along the surface of the plate was about t 4 %, No boundary layer trip was used, a local wall temperature

maximum indicating that natural transition occured at or before X - 0.33 m for all runs. This local

temperature rise could not be controlled by the cooling system, and reached its greatest value of about
26 K in the highest unit Reynolds number runs. The detail variation is given graphically in Danberg (1964)

S figure 9. Some off-centre boundary layer surveys ware made and these indicated that the flow was symmetri-

cal with nearly constant properties across the region studied.

6 Static pressure and wall temperature were measured at 9 successive stations, starting at X - 123.8 mm and
then at intervals of 50.8 mm, the static holes (d - 0,635 me) alternating with temperature stations 5.56 mm
on each stide of the centre line, Four thermocouples were mounted at each temperature station, one at
approximately 1,27 mm below the surface, and three others ut intervals of about 2.29 mnm, so allowing a
determination of the heat transfer rate from the temperature gradient.

7 Total temperature profiles were measured with an ECP (Danberg 1961) for which a • So, d1 - 1.14 mm, 1 - 26 mm,
Pitot profiles were mostly made with a CPP (d, - 0.565, d 2 a 0,264 mm with a 100 bevelled lip) though some
data were obtained with an FPP. Static pressure surveys were made using a 1.14 mm probe with the orifices

76.2 om behind the sharp tip. This probe was affected by aerodynamic loading, and profiles were only
presented graphically for their qualitative value. The pressure at the boundary layer edge is close to the
wall value though both are higher than the free stream value, The difference was explained as due to the

8 displacement effect of the boundary layer itself, Profiles were obtolnud at four stations for which

X a 0.378, 0... 9, 0.479 and 0.530 m, thus coinciding with wall static pressure and temperature measurements,

9 The author has interpolated the Pitot profile data to the Y-values of the TO data. rhe static pressure was
set constant and equal to the wall static pressure, Heat transfer values were obtained from the limiting
gradient of the TO profiles extrapolated to the wall temperature. This agreed with the values obtained
from temperature measurements within the plate to within 20 %, which were considered the less reliable in
view of the experimental end constructional difficulties, A skin friction value was estimated from the

10 limiting slope of the Mach number profile. No corrections were applied to the profile data and viscosity

11 values were taken from Hilsenrath (1955).

12 The editors have incorporated the author's calibration and interpolation procedures. The heat transfer data

is derived from the Stanton number presented by the author, based on a adiabatic wall recovery factor of
13 the one-third power of the wall-state Prandtl number (0.896). The profiles presented, all with zero mass

addition, are three series for three different wall temperatures at a single unit Reynolds number and
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one for a higher unit RE. There are also six supplementary Individual profiles. The well data consists of
heat transfer and shear stress as determined by the author from profile measurements.

§ DATA: 6702 0101-1001. Pitot and TO profiles. NX - 4. Additional single station runs.

15 Editors' comeents

The experiment provides data on a transitional boundary layer. The outer part of the layer is perhaps fully
turbulent for the highest Reynolds number runs.but despite the relatively high R THETA values, the high Mach
number and wall cooling influences are such that the Inner regions are not characteristic of fully developed
turbulence. The few possible comarison cases of a high Mach number layer developed under constant pressure
conditions are Keener & Hopkins - CAT 7204, Samuels et el. - CAT 6701 and the earlier studies of

Winkler I Chih - CAT 6902.

The author reports a difference between wall and free stream static pressure of up to 10 % at low values of
x, which decreases downstream (Danberg 1964, figure 10). It is difficult to conceive of a mechanism which
would cause this, other than a convex curvature of the displaciment surface. The necessary radius of curvature
Is of order 500 6, and so feasible. Static pressure measurement at high Mach numbers is very difficult (for an
extrame case iee Beckwith at al. - CAT 7106) so that w have followed the author here in setting the static
pressure at the wall value, which is at least accurately measurable.

The wall data, being derived frem the limiting gradients of the profiles, should be treated with reserve.
The CF value especially should only be regarded as an approximation. The profiles themselves are presented

In fair detail. The inner values of TO are interpolations.
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CAT 6702 0AmaL.R0 BOUN~DARY COND ITIONS ANI) EVALUATED DATA, 31 UrlITS.

RUN MD ft TW/7R Rk DW (F * Hlý HIZ4 p I PD
X Pon*' Pw/PO* RLD2D C() * 3W 1132K TW* TO*
92 Ton, 3lv A D2 P!2'l HJI2 DZK UD OR

67020101 6.6000 A,S092 1A.7225*02 1.480"-03 13.3435 1.5610 5.3II78"+? 5,l.3M;"+02
3.7780.0-0 1.S3Ai21.06 1.0000 1.880Q*+03 2.2163"-U4 1.0119 1.y62q 2.1234"O 5.bU091+01
INFINITI' S.(4776V02 0.0000 0.0~"~I .01000"+00 0.63045 5.2160"-0'J 9.9379"+OP 4.9666"+02

6702010? 6.5500 0.15156 6.0653*+02 1.31V50*-03 12.2585 1.5010 9.639q"#02 5.639q.+112
4.2660"-ol I.S351"tob 1.0000 2,'i1154kO3 Z2.1830'-04 1.8092 1.7819 ?.5626"+02 5.72001+01
INFINITE 5.o800~fO2 0.0000 2.9103*-04 0.00000#00 0.6926 6.,'026"-04 9.9323"+02 4.9696"0+0

67020101 O.SW00 0.5169 6.45161+A2~ 1.'4460*-03 12.9516 1.5287 5.604Z*%u1 5.0942"+02
4.7940I-01 1.53S51,86 1.0000 ý.74*373'03 2,3086*-04 3.8313 1.7818 a.5665"+02 5.7300".111
INFYNIIE S.4746"+02 0.0000 3,0772.0-0 0.0000"+00 0.6347 o.1988-04 9.9258'40? *Q.96 o10

00Q2010j'1 6.4900 0.5253 S.?4271+02 1.336ON-03 12.35106 IJ"a 9
2 S.9qq92402 S,9q92"+0?

5..1020*-0I 1.54W#'06 1.0000 3.?8R2*'eo3 1.64721-011 1.1345 1.7881 2.51197"#02 5.790O'.01
INrlIiTTC S.4565"*02 0.0000 3.4222"04 0.00001+00 0.61491 5.249Q"-04 9.90133*40 4.9492NfO2U

67010101 b.b~oo 0.'4870 7.7406*#02 1.1160"-D3 14.6362 1.4585 ý-.597I'i02 6.5971",02
LJ.7990"-OI Z.03164+06 1.0000 3.05411+03 2.3647"-014 1.0343S 1.1983 . .91150-O2 S.55u0.01+
INFINITE S.Soal1+O1 0.0000 2.Q'JO10-O9 0.o0000"+00 0.5079 .. 97 ;0.971A"40? 4.94300+02

610103o1 b.4100 0.092?2 1.?176*+03 9.1l600D-f9 13.4013 1.4704 lo06J2"403 1.u63?*,o3
'e.7940*-0l ?.SZA3*+Ob 1.0000 d6,4991*+03 2.0iJ20*-09 1.4359 1.7692 2.9h9b"401 6.0000,401
INFINITE 5.S306"#02 0.0000 3.199W-04 0.0ooo"+oo 0.SQ?2 7.1912"-04 q.9551"#02 5.0176"+02

67020401 6.4600 0.64?8 3.7946'#041 .56O00*03 15.56a8 1.6212 6.1706"#02 6.1?86,#02
3.7780'-01 1.54912*06 1.0000 1.75991+0$ 2.lq37"-014 1,8125 1.7390 3.1991"+0? S.8700"MO
INFINITF 5.'J8634412 0.0000 2.0292"-04 O.0000"to0 0.4009 5.2369"-0' 9.9230"402 4.9768"+02

6701090P 6.14660 0.6034 4.74160+02 1.1850*.03 14.4313 1.7110 6.1406~0#0 6.1908N+02
9.2860*-Ol I.S592*o0b 1.0000 2.0879"+03 2.3095%.04 1.SR87 3.7a10 3.Oodl"#02 5.88000e01
INFINITE 5.49W#6"2 0.000 2.4103 04I 0.Q0000+00 OSe22 5.792p-nfl 9.ql19,402 9.qS52"+02

67020401 6.6200 0.6463 4.7353".0.2 1.'1740.O3 16.7567 1.57'38 5dT%5I"+aP S.M01"402
* .7990'01l 1.s290o06 1.0000 Z.R9850+01 2.145m..04 1.8301 1.7740 3.2043"402 5.6000.0*0

INFINITE 1.'46830#02 0.0000 2.81430-04 0.000o..oo 0.3428 7.1666"-04 9.q326"402 4.9%79"+02

6 7020o4o 6.4500 0.61419 6.3590"*02 1.2100"-01 14.6140 1.53119 b.1971"+02 6.3147"+OZ
5.3010N-0l I.3310"s06 1.0000 2.93184+03 1.6829"-04 1.830S 1.7030 3.I80l2+01 s.ab60001
INFINITE 5.11610002 0.0000 3.37.1*09 0.00D00'400 a.4596 3.090s".1j 9.A996"+0? 9.95'd7*+P?

6701030 6.1300 0.6960 3.32236W1 1.6620*.03 18.3046 3.8596 5.7311432u 5.71113+og
*3.F7804-01 1.9249"406 1.0000 1.3736'0M 2.32130-04 1.8171 1.7316 3.190s"+02 S.7300401t

INFINiITE 1.4596*402 0.0D00 1.8784"-04 9.00O0*04+ 0.230? 5,.0555"-I04 9.9106"#02 4.95140"*0

67020603 6.3100 0.9360 2.75191+01 1.9540"-03 21.0871 1.67s7 1.106V+02 7,10634,02
* 3.7780"-01 1.53410"t~ 1.0000 1.6036.03l 1.6451"-04 1.81433 1.75117 4.b674"+02 6.1300"+o1

I NFINITE S44945"+02 Do0000 1.76W9-04J 0.00000+00 -0.1500 5.24400-0'4 9.9053"40? 4,98680+02

6702060? 6.4500 0.9201 2.9733"+02 1.7700"-03 22.i036 1.7344 6.1690"+92 6.1690"+02
4.26W0-01 1,S2499"$0 1.0000 1.77784+03 2.129?*-04 1.852D 1.7617 4.6050*#0? 5.9200*+Ol
INFINITE S.5177-402 0,0000 0.0092".04 0.0000"+00 -0.1929 6.1177*-0i1 q,9502"+02 5.00554+02

70020601 6.6100 0.9151 3.1817"+02 1.5740"-03 22.4341 1.6337 5.3157"*?5304'02
N .7940*-Ol 1.5320'1+06 1.0000 1.96260+03 1.79360-04 1.8509 3.7699 4.5571"+02 5.64000'.01
INFINITE 5.4925"+02 0.0000 2.4528*o04 0.0000'.00 -0.1938 7.2966"-04 Q.9319',01 4.97941+02

67020600 6.6200 0.905b 3.97791+02 1.14s500.0 21.1812 1.5576 S.215*+~02 5.2sis5.u1
5.3020*-01 1.5280*406 1.0000 2.4683*+03 1.76249-04 3.Wo* 1.7782 4.5061*+02 5.6100'+0l
INFINITE 5.4679.0#0 0.0000 3.06961-04 0.0000"+00 -0.0466 8.67?4"-09 9:9505"+02 4.97S58'+O1

60020701 6.4300 0.928* 5.31S40+02 1.0450-01 t8.5312? 1.5036 8.3628'402 6.3626*+02
4.19410'0- 2.0z73"+06 1.0000 3.3873i#03 1.1037-.04 1.8600 1.1893 4.6128'.02 5.9100''01
INFINITE S.47604+02 0,0000 ?.7643*-04 0.0000*+00 0.1021 1,50474-04 9.Q01400"2 4.9697"+0&1

67a01060 6.3400 0.8607 1.01240+03 9.9200'-04 17.2b49 1.4R63 1.7372"+03 1.7372*+03
5.3020'0-0 3.&579.+0b 1.0000 5.43341103 1.049q6"-0 t.8475 1.7876 4.3066"+02 b.1000'401
INFTNIlr 3.3139t0#0 0.0000 2.63S64-04 0.0000'+00 0.1388 7.15591-414 9.9?11,02 5.00390'.od

670?0401 6.5000 0.3993 9.5618'*02 6.2600*-04 13.1900 1.3402 1.98604403 1.4869N.03
11.2060*-0l 3.8570#0o6 1.0000 3.9293.i.03 1.90$60-04 1.8717 1.81163 2.7104*402 5.6100*+Ot
INFINITE 3.u904'+0a 0.0000 1.8480'-04 0.00004#00 0.4163 4.5611"-04 9.9337*+02 49?9799.*Q

6702090? 619900 0.5539 1.2571"+03 6.9700"-0dI 1338719 3.5022 3.5013*+ol 1.50130+03
4.79400-01 3.657140+6 3.0000 S,?169'*03 1.8086404 1.8365 3.7902 2.7401+02 5.86D00'+01
IMN ~rNI 9523210#02 0.0000 2.46520-04 0.00000#00 0.54387 5.0639"-04 9.9610*+01 5.0091,0#0

67020903 4.3700 0.5682 I.8563's3 6.8100*-04 13.4771 1.9612 1.6842"+03 1.6842Pi03
5430104-01 3.8519'.06 3.0000 7.62030#03 1.Sb671.09 1.893213.7887 2.82944+02 6.0200".0l
INFINITr 5.4075"402 0.0000 3.4d060-0'I 0.Q0000"00 0.5386 7.4917'-Qu 9.909'i$0l 4.9794"+02

6702)001 64340oo 0.5266 1.66953+03 7.7300"-04 14.7018 1.43798 1.5976"+03 1.5970s"403
5.302*0.0l 3.5117P4+06 3.0000 6.39450#03 1.99343'.04 1.0179 1.7012 2.6222'0#0 6.0700"#01
INFINITC 9.4664+'02 0.0000 3.0040-04 9.o0000"00 0,3967 7.4*q14-04 9.9036p0i 4.97q3m+42
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670?0601 DANOERG PROFILE TABULATION 21 POINTSe DELTA AT POINT 17

1 y 0T2/P P/PD TO/TOO f/DH U/UD T/TJI RHO/RHOD*U/UD

I 0.0000+00 I.nO03"+0O Nm 0.80947 0.00000 0.00006 7.6h400 0.00000
2 2.7900"-04 1.s651"+00 NM 0.88024 0.13094 0.34500 b.9/00 0.04970
3 41,8300"-04 2.77122"00 NM 0.91407 0.20884 0.51500 6.0810 0.0811h9
4 6.1000"-00 3.70731+00 rNM 0.93534 0.25287 0.59600 5.59500 0.10729
5 7.3700"-04 5.0996'+00 NM 0.95050 0.29973 0.66800 4.96700 0.1349
6 9.9100"-00 8.02QO"+O0 NM 0.97652 0,38373 0.77100 4.03700 0.19048
7 1.2450"-03 1.0480"+01 NW 0.99619 0.44177 0.82600 3.49600 0.23627
8 1.4990"-03 1.2424•"t0 NM I.U0164 0.48284 0.85600 3.14300 0.27235
9 1.0800"-03 0.4732"+01 Nw 1.00766 0.52744 0.88400 2.50900 0.31470

10 2.5250"-03 1.7744"401 NM 1.00766 0.58050 0.40900 2.45200 0.37072
1 3.7850"-03 .5516"%01 tIM 1.00788 0.69902 0.95000 1.847flO 0.51435
12 4.4200'-03 3.0426"+01 rim 1.00927 0.76408 0.96700 1.60000 0.60437
13 5.0550"-03 3.4923"'01 NM 1.00853 0.81985 0.97800 1.42300 0.68728
14 6.3250"-03 4.2907",0l I1M L.00891 0.909qO 0.99300 1.19100 0.83375
1S 7.5950'-03 a.?873'*01 NM 1.00504 0.9616b 0.99800 1.07700 0.92665
t6. 6.86500-03 5.008•7 01 NM 1.00234 0.98966 1.00000 1.02100 0.97903

0 17 1.0140"-U2 5.:728"+0O Nm 1.00000 1.00000 1.00000 1.00000 1.00000
15 1.1410'-02 5.1728"+01 NU 1.00000 1.00000 1.00000 1.00000 1.00000
Iq 1.3940"-02 5.1728"'01 14M 1.00000 1.00000 1.00000 1.00000 1.00000
20 1.7760"-02 S.1728't0I 1IM 1.00000 1.00000 1.00000 1.00000 1.00000
21 2.0100"-02 5.1728"o01 NM 1.Q0000 1.00000 1.00000 1.00000 1.00000

INPUT VAHIASLES Y#U/UDT/TO ABSUIAE PwPD

67020602 OANDERt PROFILE TABULATION 27 POINTSo DELTA AT POINT 27

I y PT2/P P/Pn TO/TOD 14/110 U/UO T/TO RHO/RHOD*U/UD

1 0.0000100 1.0000"+00 NM 0.83472 0.00000 0.00000 7.76000 0.00000
2 2.7q0o"-04 1.e680'+00 NM 0.87188 0.11782 0.31800 7.28500 0.0436S
1 3.1600'-04 1.8072*#00 li. 0.87732 0.14880 0.39100 6.90500 0.05663
4 I.4500"-04 2.42?8"+00 10 0.89473 0.18686 0.47500 6.46200 0.07351
5 $.7200W-00 3.1302,"00 NM 0.90985 0.22061 0.50200 O.03600 0.08979
6 6.9900W-04 4.2•34'÷00 im 0.92754 0.26498 0.61900 5.4S700 0.11343
? 9.5300"-04 7.1525"+00 NP 0.96071 0.35266 0.74000 4.39800 0.16826
8 1.2070*-03 9.54934+00 NM 0,98540 0.41I55 0.80300 3.80700 0.21093
9 1.4610*.03 1.1525"+0l NiM 0.9947 0.45421 0.83900 3.41200 0.24590
00 2.09b0".03 1.t680+01 NO 1.00207 0.51519 0.87900 2.91100 0.30196
It 2.7310"-03 1.7206"+01 NM 1.00129 0.55902 0.90000 2.59ý00 0.34722
12 3.36W0"-03 2.0035'.01 rim 0.99963 .60439 0.91800 2.30700 0.30792
13 4.00100-03 2.2605"+01 NM 1.00015 9.64707 0.93300 2.07400 0.44877
14 4.6360"-03 2.5856"'0I NM 1.00358 0.68848 0.94700 1.8q20 0.50053
15 5,2710*-03 2.9411"eO NM 1.00780 0.73511 0.96100 1.70900 0.56232
2b 5.9060"-03 3.309•+01 rim 1.00983 0.78008 0.97200 1.55100 0.62bb9
17 6.5410"-03 3.6818".01 NM 1.01125 0.82382 0.98100 1.41800 0.69151
I8 7.1760'-03 .0439"401 rm 1.01175 0.86388 0.98800 1.30800 0.75535
19 7.8110'-03 C,3773't01 lip 1.01314 0.89919 0.49400 1.22200 0.81342
20 8.4460"-03 .6w23,401 NM 1.01139 0.92729 0.99700 1.15600 0.8624b
21 9.0610"-03 .8929'"to rJm 1.00927 0.95101 0.99QO0 1.10300 0.q0571
22 9T7160'-03 5.0418'401 NM 1.00730 0.96764 t.00000 1.06800 0.93$33
23 1.0350"-02 S.2069*+01 NM 1.00051 0.97964 1.00000 k.04200 o,95•98
24 1.0990"-02 5.2722"t01 N*M t.0088 0.98773 1.00000 1.02900 0.97561
25 1.1"'0*-02 5.34$6'•O NW 1.00118 0.99454 1.00000 1.01100 0.98192
26 1.2260*-02 5.3762"+0I Nm 1.00050 0.997S1 1.00000 1.00500 0.99502

0 27 1.28901-02 5.40218,01 NM 1.00000 1.00000 1.00003 1.004100 2.00000

INPUT VARIAULL Y.U/(JDT/TD ASSUME PUPO

67020b03 OANSERG PROFILE TABULATION 23 POINTS, VELTA AT PUINY 21

I y PT2/r P/PD TO/TOD N/Mn U/UD T7/1 RHO/RHOUU/UD

1 0.4000"+00 I.n'00*÷+00 NM 0.82970 0.00000 0.00000 8.081240 0.00000
2 2.7900P-04 1.4862I+0 INP 0.86384 0.11712 0.32103 7.51200 0.00273
3 1.5600"-04 |.8352*+00 liM 0.89217 0.1O724 0.39800 7.30700 0,00S47
4 4.8300D-04 2.1010O'00 NM 0.89010 0.16471 0.43600 7.00700 0.06221
s 1000"-04 2.97121+00 NM 0.90SA9 0.20840 0.52700 6.39500 0.08241
6 7.3700*-04 4.05881#00 rim 0.92037 0,25134 0.60400 5.77500 0.10459
7 6.600".-0 5.1954"400 NM 0.93406 0.28912 0.66300 5.2%qO0 0.12607
8 t.1160"-03 7.7631'l00 NM 0.96113 0.35978 0.75400 4.392e) 0.17168
9 1,3'20-03 q.915||+00 NP 0.97322 0.40962 0.80300 3.14300 0.208095

10 1.6z0'-03 1.l4bb"Ol NM 0.98727 0.44205 0,81300 3.5500 0.21458
11 2.2610"-03 1.4408'.Ol riM 0.99060 0.49775 0.86900 3.04600 0.28510
12 2.8960"-03 1.6680•'01 NM 0.99167 0.S025 0.89100 2.72000 0.32717

13 4.1660'-03 2.173j".01 NM 0.99157 0.61402 0.92100 2.24400 0.41043
10 5.360"-03 2.7315"+01 IMi 0.99973 0.oqO85 0.904800 1.88300 0.50345
15 6.7060"-01 ,.345se,01 Mm 1.00094 0.76182 0.96940 1.6i0o0 0.60525
06 7.97bo6o01 .00731+0O NM 1.01210 0.83910 0.98500 1.37800 0./1490
17 9.2460"-01 O.6077101 NM 1.01171 0.90046 0.99500 1.2?100 0.141q
15 1.0O20"-02 5.0636'*t01 NM 1.01043 0.94439 0.99900 1.11900 0.09276
19 1.17904-02 9.3435'"01 NM 1.00637 0.97037 1.00000 1.06200 0.941•2
20 1.4330"-02 5.6162"#01 NM 1.00103 0.99504 1.00000 1.01010 0.99010

0 21 l.6?40-02 5.6719."s0 riM 1.00000 1.00000 1.00000 1.00000 I.YO0OO
22 1.810*0-02 S.6719"*01 NM 1.40000 1.00000 1.00000 1.00080 1.00000
23 1.9410"-02 5.,729W*01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLE8 YU/I)D.T/TD ASSUME PwP0



0702-C-2

67020604 DANDERG PROFILE TABULATION 22 POINTS, DELTA AT POINT 22

I y PT2/P P/PD TO/TOD M/ND U/UD T/lD RHO/RHOD*U/UD

I 0.0000"t0o 1.0000"f0O NM 0.82111 0.00000 0.00000 8.01800 0.00000
2 2.7900"-04 1.o6qoý+•o Nm 0.85589 0.11511 0.31500 7.48800 0.04207
3 4.0600"-04 1.8398"+00 jM 0.87166 0.14734 0.39400 7.15100 0.05510
4 5.3300"-04 2.1092W+00 NM 0.88769 0.16q77 0.43600 7.00200 0.06227
5 6.6000"-04 3.25871"00 NM 0.90315 0.22031 0.54800 6.18700 0.08857
6 7.8700"-04 4.2715"+00 NM 0.91932 0.25846 0.61500 5.b6200 0.10862
7 1.0410"-03 6.7442'+00 jM 0.94649 0.33307 0.72100 4.68600 0.1538o
8 1.6760"-03 1.0924"t01 NM 0.97538 0.43033 0.82000 3.63100 0.22553
9 2.3110"-03 1.3s94q"Ot NM 0.97578 0.48225 0.55400 3.13600 0.27232

10 2.9460"-03 1.Sb31't01 NM 0.97619 0.51835 0.7400 2.854300 0.30742
11 3.5610'-03 1.7803'*Ol NM 0.97942 0.55426 0.89200 2.59000 0.34440
12 4.2160"-03 2.0105"+0l NM 0.95264 0.58993 0.90800 2136900 0.38328
13 4.BSI0"-03 ?.22624+01 NM 0.98626 0.62050 0.92100 2.19600 0.40940
14 6.1210"-03 2.7057"+01 NM 0.99353 0.68648 0.94400 1.89100 0.49921
IS 7.3910'-03 3.2435**01 NM 1.00626 0.75271 0.96600 1.64700 0.56652
lb 8.6610"-03 3.7863"+01 NM 1.01044 0.81413 0.98000 1.44900 0.67633
17 9.9310"-03 4.29B"401 NM 1.01088 0.86808 0.96900 1.29800 0.76194
18 1.12000-02 4.7360'0to NM 1.01061 0.91173 0.99500 1.19100 0.83543
19 1.2470"-02 5.04os6"M NM 1.OOS02 0.94155 0.99600 1.11900 0.89008
20 1.3740"-02 S.26'•0÷Ol NM 1.00430 0.96166 0.99800 1.07700 0.92665
21 1.7550"-02 S.5456b"01 NM 1.00066 0.98722 0.99900 1.02400 0.97559

0 22 2.3900"-02 S.68694"01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YoU/Uo#T/TD ASSUME PUPO

67020900 DANBERG PROFILE TABULATION 26 POINTS# DELTA AT POINT 26

1 PT2/P P/po TO/TOD H/NO U/Un T/TD RHO/RHOO*U/UD

I 0.Q000"i00 1.0000"+00 NM 0.49365 0.00000 0.00000 4.66510 0.00000
2 3.0400"-04 4.3723"+00 Nm 0.69950 0.26677 0.54200 4.12800 0.13130
3 ,.06000-04 4.3354"+00 NM 0.73260 0.26448 0.55300 4.33900 0.12745
4 4.3100".04 4.888"+00 NM 0.76461 0.28417 0.58900 4.29600 0.13710
5 4.6200"-04 5.9181"+00 NM 0.78807 0.31392 0.63500 4.04000 0.15718
6 6.0900N-04 8.6824"+00 NM 0.84114 0.38834 0.72600 1.49500 0.20773
7 1.3600"-04 1.0h11÷00 NM 0.66582 0.43379 0.77100 3.15900 0.24406
8 8.6300"-04 1.16424+01 NM 0.88603 0.45311 0.79300 3.06300 0.25890
9 1.1170"-03 1.3164*001 NM 0.90401 0.48302 0.01900 2.87500 0.28487

10 1.3710"-03 1.b694"tOl NM 0.91868 0.51134 0.04100 2.70500 0.3|091
It 1.6250"-03 1.6242"÷0I NH 0.92694 0.53846 0.85B00 2.$3900 0.33793
12 1.8790*-03 1.7990Tt01 NM 0.93614 0.5675I4 0.87500 2.37700 0.36811
13 2.1330"-03 1.99124÷01 NM 0.94490 0.59787 0.89100 2.22160 0.40117
14 2.6319"-03 2.4139"+01 NM 0.96265 0.65967 0.92000 1.94500 0.47301
is .1.1190"-03 2.99650#01 NM 0.97620 0.72508 0.94400 1.69500 0.55693
I1t 3.7840*-03 3.5350*t01 NM 0.99452 0.80085 0.96900 1.46400 0.661|9
17 0.4190*-03 4.165s9"+l NM 0.99906 0.87022 0.98300 1.27600 0.77038
18 5.0540"-03 O.Se92•01 NM 1.00260 0.913864 0.99100 1.17600 0.84269
19 5.6S90-03 5.000|"÷01 NM 0.99830 0.9S427 0.99400 1.08500 0.91613
20 6.3240"-03 5.2153"÷01 NM 0.99752 0.974?79 0.99600 1.04400 0.95402
21 6.9590"-J3 5.3562*+01 NM 0.99850 0.98817 0.99800 1.02000 0.97643
22 7.5840*-03 5.0269*#t0 NM 0.99916 0.994S3 0.99900 1.00900 0.99009
23 8.2290"-03 5.4591"f01 NWI 1.00053 0.99751 1.00000 1.00500 0.99502
24 8.86400-03 3.l45"9t01 NM 1.00042 0.99801 1.00000 1.00400 0.99602
25 9.49901-03 S.4753"401 NM 1.00021 0.99900 1.00000 1.00280 0,99800

0 26 1.0770"-02 S.4662*.01 NM 1.00000 1.00010 I.O0000 1.00000 1.00000

INPUT VARIABLES YiU/UOT/TD ASSUME PdPD

I I ~ ~~I III II III II II



6702-C-3

67020902 DANDERG PROFTLE TABULATION 32 POINTS, DELTA AT POINT 31

I Y PT2/P P/Po TO/TOD M/MO U/UD T/ID RHO/IHOOAUUUD

1 0.0000"*00 I.OOnO"÷0O NM 0.50244 0.00000 0.01000 q.73506 0.00000
2 3.790o0-04 4.3219"t00 NM 0.7155S 0.26541 0.54600 4.23200 0.12902
3 4.3000*-04 5.1354"+00 NM 0.73743 0.29265 0.58800 4.03700 0.14565
4 5.0600 -04 6.7903"+00 ýM 0.76794 0.34099 0.6,200 3.b5600 0.17834
5 5.3200.-04 7.20l5"+00 Nm 0.77889 0.35407 0.66900 3.57(100 0.18739
6 S.5700o-04 7.696st0o0 NM 0.78674 0.36475 0.68200 3.49600 0.19508
7 7.6000"-04 ,.0103"O . NM 0.84576 0.42133 0.75300 3.19400 0.23575a 1.0140'-03 1.1497"+01 Jim 0.57697 0.45086 0.78700 3.04700 0.25629
9 1.2680"-03 1.2T27"+Ol NM 0.08796 0.47536 0.80700 2.88200 0.28001

t0 1.5520"-03 1.4041"40I Ji 0.89270 0.50021 0.82300 T.707O0 0.30403
II 1.7760"-03 1.7550TS O0 NM 0.89974 0.56121 0.85500 2.32100 0.36838
12 2.0300*-03 1.6995"*Ol NH 0.90802 0.55202 0.85500 2.34900 0.35640
13 2.28401-03 1.86890+01 .4M 0.91774 0.57964 0.87100 2.25806 0.38574
14 2.6650"-0u3 2.1146"+01 NM 0.93057 0.61750 0.89100 2.08200 0.42795
15 2.9190"-03 2.2S1•34+01 NM 0.93756 0.63758 0.90100 1.99700 0.45118
16 3.3000-03 2.1090.O+1 Jim 0.9502 0.67384 0.91000 1.85600 0.49461
17 3.5540"-03 2.6740"+01 NM 0.96013 0.b9671 0.92900 1.77600 0.52250
10 3.9330"-03 2.9907"401 NM 0.96870 0.73681 0.94300 1.63800 0.57570
19 4.57004-03 3.5007"401 NM 0.98755 0.79809 0.96500 1.46200 0.66005
20 5.2050"-03 4.0?33"401 Nfl 0.99543 0.8S634 0.97900 1.30700 0.74904
at S.8400"-03 4.4705"4+0 NM 1.00156 0.90321 0.98900 1.19900 0.82485
22 6.4750"-03 0.813*+01 NM 1.00246 0.93757 0.99400 1.12400 0.88434
23 7.1100"-03 5.0796O"01 NM 1.00218 0.96339 0.99700 1.07100 0.93091
a4 7.7450"-03 5.2405"O4O NM 1.002b7 0.97866 0.99900 1.04200 0.9S873
2S 8.3800*-03 5.3269"01 N1M 1.00287 0.98677 1.00000 1.02700 0.97371
2b 9.6500"-03 5.3999"÷01 NM 1.00138 0.993S6 1.00000 1.01300 0.98717
27 1.0920"-02 5.4317"+01 NM 0.99874 0.99651 0.99900 I.00500 0.99403
28 1.3060*-02 S.476840Ol NM 0.99843 0.99800 0.99900 L.00200 0.99701
29 1.6000"-02 5.4478*401 NM 0.99643 0.99800 0.99900 1.00200 0.99701
30 1.5540"-02 5.4533"+01 NM 1.00032 0.99850 1.00000 1.00300 0.99701

0 31 2.1080"-02 5.469q5"01 NM 1.00000 1.00000 1.00000 1.00000 1.00000
32 2.3620"-02 S.469"5,0 NM 1.O0000 1.00000 1.00000 1.00000 1.00000

INPUT VARIADLE$ Y*U/UDT/TD ASSUME PuPO

67020903 DANDERO PROFILE TABULATION 23 POINTS, DELTA AT POINT 23

I y PT2/P P/PD TO/TOO M/I4D U/Un T/TM RHO/RI0DD*U/UD

I 0.0000"÷00 1.0000"+00 NM 0.51561 0.00000 0.00000 4.70000 0.00000
2 3.3600"-04 3.22600*00 1& 0.70486 0.22755 0.48400 4.52400 0.10695
3 ,.63001-04 9.1t69*÷00 NM 0.74779 0.29870 0.59400 3.95300 0.16027
4 5.9000-04 6.7885*+00 NM 0.78365 0.34737 0.66000 3.61000 0.18283
5 8.4400'-04 8.6120*400 NM 0.82685 0.3945b 0.72000 3.33000 0.21622
6 1.09800-03 9.51930+00 NM 0.85048 0.41603 0.74700 3.2?400 0.23170
7 1.35200-03 1.0519*+0l NM 0.86394 0.43846 0.76900 3.07600 0.25000
8 1.9870"-03 1.3065*401 NM 0.88274 0.49095 0.81000 2.72200 0.297S5
9 2.62200-03 I.5617001 NM 0.90059 0.53945 0.85300 2.44200 0.34521
10 3.2570"-03 1.8909*÷01 NI 0.92169 0.59412 0.87600 2.170400 0.40294
11 3.8920"-03 2.22S4*401 Nm 0.93836 0.65177 0.90200 1.95100 0.46233
12 5.1620*-03 2.9319"01 MIA 0.96821 0.74342 0.94300 1.60900 0.58606
13 6.4320"-03 3.7157".01 NM 0.99075 0.8380! 0.97300 1.34800 0.72181
14 7.70200-01 4.4060*401 NM 1.00137 0.91369 0.99000 1.17400 0.64327
IS 8.9720"-03 0.8510+01 J NM I.O059S 0.95899 0.99800 1.06300 0.921S1
16 1.0240-02 Va0826"t01 NM 1.00392 0.97400 0.99000 1.05200 0.94962
17 1.11510-02 s.059q4*01 NM 1.00061 0.979Sb 0.99800 1.03800 0.96146
18 14005P-02 6.1429*÷01 NM 0.99875 0.98768 0.99800 1.02100 0.97747
19 1.6590*-02 S.1T79*0o NM 0.99842 0.98914 0.99800 1.01800 0.98035
20 1.9130"-02 5.1682"001 NM 0.99776 0.99207 0.99800 1.01200 0.98617
21 2.1670"-02 5.2140"t01 NM 0.99910 0.99503 0.99900 1.00800 0.99107
22 2.t10*-02 5.2499t+01 NM 0.99844 0.99800 0.99900 1.00200 0.99701

0 23 2,6750'-02 5.708"÷01 NM 1.00000 1.00000 1.00000 t.00000 1.00000

INPUT VARIABLES YVU/UD#TtTD ASSUME PiPO



6702-C-2

67020604 OANDERG PROFILE TABULATION 22 POINTS# DELTA AT POINT 22

I y PT2/P P/Po TO/TOD M/MO U/UO T7TO RHO/RHOD*U/UD

I 0.0000"'00 1.0000"400 NM 0.82111 0.00000 0.00000 8,01800 0.00000
2 2.7900"-04 t.4601"+00 NM 0.85589 0.11511 0.315n0 7.18800 0.04207
3 4.0600'-04 1.8398"+00 NM 0.87166 0.14134 0.30400 7.15100 0.05510
4 5.3300"-04 2.1012"+00 NM 0.88769 0.16477 0.43600 7.00200 0.06227
5 6.6000"-04 3.2587"+00 .4M 0.90315 0.22031 0.54800 0.18700 0.08857
6 7.6700"-04 4.2715"00 NM 0.91932 0.25846 0.61500 5.66200 0.10862
7 1.0410-03 6.7042"+00 NM 0.94609 0.33307 0.72100 4.68600 0.15386
8 1.6760"-03 1.0924"+01 NM 0.97538 0.43033 0.82000 3.63100 0.22583
9 2.3110"-03 1.3590+01 N M 0.97578 0.48225 0.85400 3.13600 0.27232
10 2.9460*-03 1.5631"+01 NM 0.97679 0.S1835 0.87400 2.80300 0.30742
11 3.5810"-03 I.7803"+01 NM 0.97942 0.55426 0.89200 2.51000 0.34440
12 4.2160'-03 2.01051+01 NM 0.95264 0.58993 0,90800 2.36900 0.38328
13 4.8510"-03 2.2262"+O1 NM 0.98626 0.62150 0.92100 2.19600 0.41940
14 6.12I0"-03 2.7057"+01 NM 0.99353 0.66658 0.94400 0.89100 0.49921
15 7.3910*-03 3.24351+01 NM 1.00626 0,75271 0.96600 1.64700 0.586S2
16 8.6610'-03 3.763"Ol NM 1.01044 0.31413 0.98000 1.44900 0.67633
17 9.9310*-03 4.2984+01 NM 1.010858 0.86808 0.98900 1.29800 0.76194
18 1.1200"-02 4.7366"101 NM 1.01061 0.91173 0.99500 1.1ol00 0.83503
19 1.2470*-02 5.0486÷Ol NM 1.00502 0.94155 0.9q600 1.Iqo0 0.89008
20 1.3740*-02 S.2646"01 NM 1.00430 0.96166 0.99800 1.07700 0.92665
21 1.7550"-02 5.5456"101 NM 1.00066 0.98722 0.99900 1.02400 0.97559

D 22 2.3900"-02 5.6589'+01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y.U/UDT/TD ASSUME PwPO

67020901 DANBERO PROFILE TABULATION 20 POINTS* DELTA AT POINT 26

I Y PT2/P P/Po TO/TOO N/ND U/UD T/TO RHO/RHOD*U/UD

1 0.0000.100 1.0000"+00 NM 0.4936s 0.00000 0.00000 4.66500 0.00000
2 3.0400'-04 4.3723"+00 NM 0.69950 0.26677 0.50200 0.12800 0.133(3
3 4.0600-04 4.3354"+00 NM 0.73260 0.26548 0.55300 4.33900 0.12715S4,3100'-0 4.8868'+00 NM 0.76481 0.28417 0.58900 4.2q0oo 0.13710
S 4.8200'-04 5.9181'+00 NM 0.78807 0.31592 0.63500 4.00000 0.15718
b 6.0900"-04 8.68aa400 NM 0.84114 0.38834 0.72600 3.41500 0,20773
7 7.3600*-04 .0711*'+O NM 0.86582 0.43379 0.77100 3.15900 0.24406
5S 8.6300"-04 1.16421+01 NM 0.88603 0.45311 0.79300 3.06300 0.25890
9 1.0170'-03 3.3164"'01 NM 0.90401 0.48302 0.81900 2.81700 0.28487
10 1.3710"-03 lob09'tOl NM 0.91868 0.113t4 0.04100 2.70500 0.31091
1l 1.625o"-03 1.6242"'+O NH 0.92694 0.53846 0.85800 2.53900 0.33793
12 1.0790'-03 1.7990o+01 NM 0.93614 0.56754 0.87500 2.37700 0.36511
13 2.1330"-03 1.9912"+01 NM 0.94490 0.59787 0.89100 2.22100 0.40117
14 2.b310"-03 2.139+1Ol NM 0.96265 0.65967 0.92000 1.04500 0.07301
15 1.14904-03 2.9065"t01 NM 0.97620 0.72508 0.90400 1.69s00 0.35693
16 3.7840"-03 3.53534+01 NM 0.99452 0.80085 0.96900 1.46400 0.66109
17 4.4190"-03 4.lt659g"O NM 0.99906 0.87022 0.98300 1.27600 o.77034
18 5.0540'-03 4.5892"'Ol NM 1.00260 0.91384 0.91400 1.17600 0,84269
19 5.6890*-03 5.0001"+01 NM 0.09830 0.95427 0.99000 1.08500 0.94613
20 6.3240"-03 5.21%3"+01 NM 0.99752 0.97479 0.99600 1.04400 0.9s402
21 6.9590*-03 S.3562"101 NM 0.99854 0.98817 0.91800 1.02000 0.97843
22 7.5840"-03 5.4269'l01 NM 0.99916 0.99053 0.99100 1.00900 0.99009
23 8.2290*-03 S.o5914tO NM 1.00093 0.99751 1.00000 1.00500 0.99502
24 8.6640"-03 S.4645"f0o NM 1.00042 0.99801 4.00000 1.00400 0.99602
25 9.4990"-03 5.4753"*01 NM 1.00021 0.99900 1.00000 1.00200 0.99800

0 26 1.0770"-02 S.48621+01 NM 1,00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y#U/UD#T/TO A8SUI4E PsPO



6702-C-3

67020902 DANUERG PROFILE TABULATION 32 POINTSe DELTA AT POINT 31

I y PT2/P P/PD TO/TOD H/HD U/Uo T/1D RHO/RI4OO*LJ/UD

1 0.0000"+00 1.00)0•+00 NM 0.50244 0.00000 0.00000 4.73590 0.00000
2 S.7qO0--04 4.3219"+00 Nm 0.70555 0.26541 0.50600 4.23200 0.12902
3 4.3000"-04 5.1344"+00 NM 0.73713 0.2q265 0.58800 4.03700 O.Llsb5
4 5.0600*-04 6.7903"+00 .'M 0.76794 0.34099 0.65200 3.65b00 0.17834
5 5.3200*-04 7.2815"+00 NM 0.77089 0.35407 0.66900 3.57000 0.1739
6 5.5700"-04 7.6965"+00 Nq 0.78674 0.3647S 0.68200 3.49600 0.19508
7 7.6000*-04 1.0103"÷01 NH 0.84576 0.42133 0.75300 3.19400 0.23575
8 1.0140•-03 1.1497*+01 NM 0.87697 0.45086 0.78700 3.00700 0.25s29
9 1.2680"-03 1.2727"t01 NM 0.88796 0.47536 0.80700 2.80200 0.28001
10 I.55201-03 1.44040+01 NM 0.89270 0.50021 0.82300 2.70740 0.30403
1t 1.7760"-03 1.75,500+01 NM 0.89974 0.56121 0.85500 2.32100 0.36838
12 2.03001-03 0.6995s"01 NH 0.90802 0.55202 0.85500 2.39900 0.35640
13 2.2540*-03 1.8689"+0l NM 0.91774 0.57964 0.87100 2.25800 0.38574
to 2.6650"O03 2.1146't0O NM 0.93057 0.6175O 0.89100 2.08200 0.42795
15 2.9190"-03 2.2513"+01 NM 0.9373( 0.63750 0.90100 1.99700 0.45118
16 3.3000"-03 2.5090"tO1 tiM 0.950?4 0.67384 0.91800 1.85600 0.49461
17 3.5540"-03 2.6790"401 NM 0.96013 0.69671 0.92900 1.77840 0.52250
18 3.93300-03 2.9907"+01 NM 0.96870 0.73681 0.94300 1.63800 0.57570
19 4.57001-03 3.5007"+01 liM 0.98755 0,79809 0.96500 1.46200 0.66005
20 5.2050*-03 4.0233"+01 tM 0,99543 0.85634 0.97900 1.30700 0.74904
a1 5.8400"-03 4.4705"+01 tim 1.V015b 0.90321 0.9A900 1.19900 0.82485
22 6.4750".03 4.81151+01 NM 1.00246 0.93757 0.99400 1.12000 0.88434
23 7.1100"-03 5.0796"M01 NM 1.00218 0.96339 0.99700 1.07100 0.93091
24 7.7450"-03 5.24085'.t NM 1.00267 0.97866 0.9g900 1.00200 0.95873
2! 8.3800"-03 5.3269"+01 NM L.00287 0.98677 1.00000 1.02740 0.97371
2? 9.6500"-03 5.3999"01 NM 1.00138 0.99356 1.00000 1.01300 0.98717
27 1.0920"-01 5.4317"+M1 NM 0.99674 0.99650 0.99900 1.00560 0.99403
28 1.34600-02 S.44780+01 NM 0.99603 0.99800 0.99900 1.00200 ).99701
29 1.6000"-O 5.4478"+0l NM 0.99644 0.99800 0.99900 1.00200 0.90701
30 1.8540'-02 5.4533*+01 NM 1.00032 0.99850 1.00000 1.00300 0.99701

D 31 2.10800-02 5.4695*÷o1 NM 1.00000 1.00000 1.00000 1.00000 1.00000
32 2.3620f-02 S.0695"÷41 NM 0.00000 1.00000 1.00000 1.00010 1.00000

INPUT VARIAOLE3 YoU/UDT/TO ASSUME PwPD

67020903 DANBERG PROFILE TABULATION 23 POINTYS DELTA AT POINT 23

I v PT2/P P/PD T7tTOD N/NtD U/Un T/TD RHO/RHOD*U/UO

I 0.0000"÷00 1.00000#00 NM 0.51561 0.00000 0.00000 4.70000 0.00000
2 3.3600"-04 3.22604+00 N4M 0.70468 0.2275S 0.40400 4.52400 0.10698
3 4.6300'-04 S,1569"400 NM 0.74779 0.29876 0.59400 3.95300 0.I5027
4 S.9000"-04 6.768$"#00 NiM 0.75365 0.34737 0.66000 3.61000 0.18283
5 6.4400'-04 S.6120"f00 NM 0.83685 0.39456 0.712000 3.33000 0.21622
6 1.09600-03 9.s193"+00 NM 0.85048 0.41603 0.74700 3.22400 0.23170
7 1.35200-03 1.05194t0o NM 0.86394 0.43846 0.76900 3.07600 0.15000
8 1.9870"-03 1.3065"#01 NM 0.88274 0.49095 0.81000 2.72200 0.29750
9 2.6220"-03 I.s67d÷O,01 NM 0.90059 0.53945 0.84300 2.44200 0.34521
t0 3.2S70v-03 1.8909"f01 NM 0.92169 0.59412 0.87600 2.17400 0.40294
i0 3.8920"-03 2.22540+01 NM 0.93838 0.60577 0.90200 1.95100 0.46233
12 S.16b20-03 2.93.90+01 NM 0.96821 0.74342 0.94300 1.60900 0.%8608
13 0.43200-03 3.71570+01 NM 0.99075 0.83505 0.97300 1.34000 0.72181
14 7.70201-03 4.40800+01 NM 1.00137 0.91369 0.94000 1.17400 0.84327
5 4.97210-03 .|4.010+01 liM 1.00555 0.95899 0.99800 1.08300 0.9215i

l6 1.0240'-02 9.O0020+O1 NM 1.00392 0.97400 0.99900 1.05?00 0.94962
17 I.tslO0-O2 S.05s*49 01 NM 1.00061 0.97956 0.99800 1.03800 0.96146
18 1.4050*-0? S.1429"÷Ot NM 0.9987s 0.98768 0.99600 1.02100 0.97747
19 1.6590*-O2 S.1579"+01 NM 0.99802 0.98914 0.9q800 1.0t•0 0.98035
20 1.91301-02 S.18620+01 NM 0.99776 0.99207 0.99800 1.01200 0.98617
21 2.1&70*-02 S.2140•+01 NM 0.94910 0.99503 0.9q900 1.00000 0.99107
22 2.4210"-02 5.24990+01 NM 0.99844 0.99000 0.99900 1.00200 0.99701

0 23 2.675O"-02 S.2708"÷01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIAOLL8 Y#U/UDT/TD ASSUME PwPD
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: ZPG, NPG,. 2.5 6800
APG, 2.5 to 1.6

For model arrangements see figure 1, FPO, 2.5 to 3.25
on following pages. R THETA X 10"3 : 7 ZPG. APG. FPG.

TW/TR : 0.8 NORMAL PG. MHT

Blow-down wind-tunnel. effectively continuous running. W - 0.234. H - 0.334 m.
PO : 0.1 MN#/m2 TO : 290 K. Air, specific humidity 1-3 X 10-4. RE/m: 14 X 106 at M a 2.5

THONANN H. 1968. Effect of streamise wall curvature on heat-transfer in a turbulent boundary layer.
J. Fluid Mech. 33, 283-292.
And Drougge, G. Private communications.

Also Thomann H. (1967).

I The test surfaceswere two flexible stainless steel sheets, one with pressure taps and the other with
thermocouples attached. In all cases these were mounted so that the first 317.5 mm (. L) from the leading
edge (X 0 0) formed a flat plate on which the test boundary layer was grown under Identical conditions.

2 The Mach number in this region was 2.48 with a small high velocity region (M • 2.51) around X - 100 em.
A boundary layer trip of carborundum grains either 0.22 or 0.35 mm in diameter extended 3.5 mm downstream

from X - 25 mm. The larger trip was used for all tests except the flat plate case. Heat transfer data
indicate that transition took place near X - 100 mam.

1 The supporting structure after X - 317.5 rmm could be changed so as to give either a straight continuation
of the flat surface, or provide a bond In either direction with radii of curvature of either 150 or 300 rmm.
The curvature ceased when the deflection was 200. with a further straight section downstream. With no
further addition this provided for ZPG - flat plate tests and APS, FPG - SW (simple wave) generated
expansions and compressions of two strengths. Additionally various ramps could be mounted over the test
surfaces. One of these was shaped to givef mounted above the test surface when arranged as a continuous
flat plate, an APG-RW (reflected wave) compression with the same longitudinal pressure history as the more
gentle (RZ - 300 in) simple wave APG case. Other bodies were shaped and mounted as to produce on the
curved surfaces incident waves of equal and opposite strength to those produced by the curved surfaces
themselves. The results were flows with zero longitudinal pressure gradients but strong normal pressure
gradients - the NPG cases. The NPG is negative on a concave surface, which without the body would cause

4 an APG, and vice versa. In all cases the imposed pressure gradient started at X a 317.5 mm. The various
5 arrangements are shown In figure 1. Great care was taken to ensure that the flow was two-dimensional.

6 The stainless steel sheet used for pressure plotting had tappings (d - 0.8 mm) on the centre-line at
X - 47.5 me and thereafter at Intervals of 30 mm until X - 317.5 m. On the rear part of the sheet the
tappings were placed at longitudinal and lateral intervals of 10 mm In the locations shown in figure 2

and listed in the table below. The placing of the 0.25 mm Iron constantan thermocouples on the heat
transfer plate was the same. Heat transfer was measured by a transient technique. The model was covered
by a layer of crushed solid Carbon Dioxide, to precool the thin stainless steel sheet. The CO2 was blown
away when the tunnel started and the subsequent time history allowed the heat transfer rate to be
determined. The large number of thermocouples on the rear portion (X > 317.5 me) allowed the longttudinal
conduction correction to be determined for those points, 7 In all, surrounded by 4 other thermocouples.

9 Some interpolation or adjustment is implicit in the use of curve fitting to obtain the temperature
differentials needed for the heat transfer determination. The author's values have been accepted.

14 The wall data is presented in the tables below, These consist of tabulated wall pressurq values and
uncorrected Stanton numbers for each of the ten two dimensional configurations tested. Conduction
corrections, when applied, war* In general less thin 5 %. The larger corrections are indicated by

arrows in figures 4 to 7 of the source paper.

§ DATA: 6800. No profiles. Heat transfer by the transient technique, wall pressures.
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15 Editors' comments

This, the only entry which is not profile-based, and for which there are in fact no profiles, is included

because of the complete coverage of the possible types of pressure gradient which is provided. W#e feel

that, In spite of the high quality of this experiment, a repeat on a larger scale, incorporating profile

measurements, would he invaluable, The lack of profile information at the start of the pressure gradients

may be easily overcome by currelating known flat plate data. The differences in succeeding wall heat

transfer provide a very good test for any advanced turbulence calculation method. There is a 30 - 40 %

range in the local heat trasfer coefficients for different values of the normal pressure gradient, and

while some part of this for the concave configurations 06 and 07 may result from longitudinal vortex
structures, the differences of up to 20 % for the convex configurations 08 and 09 is unlikely to have any

such cause.

The Mach numbers presented are based on the wall pressure measurements, and because of the normal component

of the pressure gradients, the Mach number at the boundary layer edge will be significantly different for
all cases except configurations I and 10.
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Gxisymmetric 
M : 8 to 9 and 10 to 11.6 6801
R THETA X 10-3 : 4 - 30

• TW/TR : 0,3 - 0,4 FPG - SHT

Axisymmetric gun-tunnel. Running time 10 - 20 ms. 0 - 0.1 m6

PO : 12 - 32 1il/m 2, TO : 823 - 1120 K. Nitrogen. RE/m X 10" :9-47.

PERRY J.H. and EAST R.A. 1968. Experimental measurements of cold wall turbulent hypersonic boundary layers.
AGARD CP no ;JO.

A Perry J.H., PhD Thesis. University of Southampton 1968, East R.A., private communications.

I The test boundary layer was formed on the wall of a 7.50 included angle conical nozzle. Two different

throat blocks were used, the throat (X - 0) diameters being 4.80 and 2.44 mmn. Measurements were made at

three instrumentation ports in the downstream half of the nozzle, The diameter at the middle port was

3 87.7 mm. The test surface was finished to within 1.3 um, and was not actively cooled. The throat Reynolds

numbers were in the range 9.7 - 27 X 106 and "should have been sufficiently high to ensure transition of

the boundary layer at the throat".

6 Wall static pressure was measured with piezo-electric (Kistler 7013) transducers mounted in cavities

imnediately behind the static tappings (d w 0.4 mm) while it was assumed that, during the very short run,

the wall temperature did not vary significantly from room temperature, approximately 290 K, except perhaps

at the throat. The wall heat transfer rate was measured usinq platinum thin-film gauqes mounted flush with

the surface on a Pyrex substrate.

7 Pitot profiles were measured by a rapidly traversed FPP (hI . 1.12, h2 - 0.56, b1 I 1.7B, b2 - 1.22. 1 - 51 mm)

the observed pressures being compared to values obtained with an identical fixed FPP. Agreement outside the

inner 15 % of the boundary layer was good, but only values from the fixed probe were used in the inner region.

For some of the low Mach number runs a fixed FPP with hI - 0.56 mm was used. Total temperature profiles were

measured with a speciol STP (East and Perry 1967). This had a heating circuit built into the outer shield so

that the probe could be pre-heated to temperatures near those expected in the run. The procedure used

required two readings, with the probe body temperature slightly above and below that recorded by the thermo-

couple bead. For the front face d 1 - 1.78, d2 N 0,79 me, while a conical fairinq ran back to the main probe

body for which d, a 2.79 mm.

8 The three measuring stations were at 101,6 mm axial intervels, the first at X - 549 mm with the large throat

and at 565 mm with the small throat. The design of the probes was such that TO profiles were taken 17.8 mm

downstream of the equivalent PT2 profiles, with additional values 33 mm upstream of the last station. The
9 authors have interpolated the TO data to the X and Y stations of the PT2 data. The data presented is

calculated from curves faired through the original date points of the Mach nunber and TO profile-_ The

12 editors have accepted this. In association with the profiles the editors have quoted the Stanton number and

the CF value as obtained from the velocity gradient at the wall by the authors. Static pressure was assumed

10 constant through the boundary layer and no corrections were applied to the profile data.

13 The profiles presented consist of four sets of three obtained at Mach numbers near 9 with the large throat

and four sets of three and one Individual profile at Mach numbers near 10.8 with the small throat. The wall

14 date coitsists of the measured heat flux and CF deduced from the wall velocity gradient.

§ DATA: 6801 0101-.0903. Pitot and TO profiles obtained piecemeal separately in A qrtat number of runs. NX - 3.

Heat transfer measurements,

15 Editors' comments

It is probably impossible at present to interpret these measurements in terms of correlations drawn directly

from flat plate experience. Despite the apparently high Reynolds numuers, S.h# majority of the profiles
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display marked transitional characteristics in both the inner and outer regions. There are no available

direct comparisons, the geometrically similar study by H111 - CAT 5901 being made at much lower Reynolds

number. The profiles form a self-consistent set differing markedly from both ZPG results and FPG results

measured in contoured nozzles.

The profiles are presented in fine detail, which is notable in view of the great amount of work required

(each TO measurement required two runs) and the difficulty of normalising the data in a facility of this

type, for which free stream conditions are never entirely repeatable. The TTP was larger than the TPP so

that some TO data near the wall are interpolated.

The layer is growing on a straight (conical) wall so that the assumption of zero normal pressure gradient

is reasonable (Hill reports no detectable difference across the layer in CAT 6901).

CAT 6601 PERRY BOUNDARY CONDITIONS AND EVALUATED DATA. ST UNITS.

RUN MD * TW/TR RED2W CF * M12 H12P PW PO
X * POD* PNIPO* REMPI CO * M32 H32K TW* TORZ * TOD* SW * D2 Pt2 M42 02K U0 YR

bilOlOlt 8.0000 0.3900 3.2655W"03 5.23000-04 8.6645 1.4765 1.37710403 1.3771"+03
S.4664'-01 1.34450+07 1.0000 1.3SSBO+04 2.1791"-04 1.8235 1.7656 2.9000,Oe 2 S.q6s6N+OI
-3.69200-02 6.2300002 0.0000 5.6050"-04 NM 1.3029 1.2233"-03 1.2587"403 7.4361"*02

66010102 6.5000 0.3903 2.64830+03 5.4600*-04 10.8667 1.q4S 8.989ao+02 8.9894+0O2
b.SO2U0-O1 1.30314+07 1.0000 1.23090+04 2.q6530-04 1.6210 1.7616 2.90000+02 5.3269NO01
-4.31300-02 8.23000÷O0 0.0000 6.41500-04 NM 1.26g9 1.4846"-03 1.2640"+03 7.429S"*0

68010103 8.8700 0.3906 2.b9q3u+03 5.940a0"-O 9.735S 1.4905 6.66W*02 a6.6162N+02
7.S1640.01 1.26860407 1.0000 1.49A9*+06 3.709l9-01I 1.8217 1.7824 2*900O"+02 '4.911740+0

-S.06100-02 $.23000402 0.0000 8.4960Z-04 NM 1.3657 2.0364"-03 1.26734+03 7.4252+.02

66010201 6.0300 0.3504 3.1LI6'*03 5.4B00.-04 7.6731 1.51•2 1.895 o+03 1.29SOI.03
S.4864-01 1.29620*07 1.0000 1.16940+04 2.1•60•-04 1.6161 1.7743 2.9000".02 0.59170#01
-3.66200-02 4.100402o 0.0000 6.1575*-04 NM k.3582 1.2305"-03 1.3283"+03 5.27590+02

660102o2 .6100 0.3506 2.61410+03 5.79000-O4 9.2609 1.3167 8.2631"+02 8.26310+02
S6.5024-01 1.3031M07 1.0000 1.11630904 2.9061*-04 1.8130 1.7733 2.0000"+02 5.76878001
* -4.3S300-02 9.16000402 0.0000 7.05890-0O NM 1.3490 1.5356"-03 1.33460+03 8.2676902

66010201 6.7000 0.36OB 3.25760+03 5.39000-04 9.1oS5 1.5065 7.6772"+0a 7.67726+02
7.51540-01 1.2962"407 1.0000 1.43410+04 3.14940-04 1.8066 1.774S 2.90000402 S.6760+01,
*5.0610-O 9.160O0O*2 0.0000 9.1•104-04 NM t.3586 2.0220-•-o 1.33$S4+03 8.26640#02

66010301 6.0500 0.34S2 7.065W+03 2.75000-04 6.1211 1.4S86 ?.67S61#03 2.67S6N#03
S.d4664@.01 2.92340+07 1.0000 2.61W#~04 9.7i50*.05 1.6421 1.7942 2.4000*402 6.6417.0+0"-3.66204-02 9.3000"402 O.O00 6.33SSI-04 Nm 1.4664 1.1100"-03 1.33660*03 6.4021*#0?

66010302 8.5000 0.3454 6.S?750a03 3.200o*-04 8.3153 1.4524 2.1070"*03 2.1470"+03
6.SO•50 -01 3.05a4"*07 1.0000 2.70470+04 1.1932*-04 1.6236 1.7906 2.9000"+a 6.01940, 0

*4.34300-02 9.3000"402 0.0000 7.22320-04 NM 1.3793 1.43SO"-03 1.3a36*+03 6.39540+02
66010303 9.OO0 0.34S7 6.715SS'03 2.9600".04 4.26%2 1.4691 1.41750+03 1.417S8+01
7.516S4-01 3.1026*407 t.0000 3.10730+04 L.S682"-0Q 1.6173 1.7606 2.9000"+02 S.35060+01

"-5.06100-l0 9.30004#02 0.0000 9.7113'-04 NM 1.4355 2.006W'-03 1.3a48,+03 8.3484+02

________



6801 -B-2

CAT 6801 PERRY HOUNUARY CONDITIONS AILD EVALUATED DATA. 01 UNITS.

RUW MU k TW/TR PEnZw CF * ml il32k PW PD
X * POD* PVI/Pj* REPeD Co * m32 1132K Tw. TO
RZ * TOD* So * 02 Pi2 HM2 U2K VD TP

680104103 8.0600 0.3178 7.3012"+03 2.8000"-04 5.6353 1.4472 ?.83231+03 2.83231+03
5,864 0.-1 2.qO27"+07 1:0000 2.50•81:04 9.4267"-05 1.637o 1.800Q 2.90001+t2 7.21800+01
"-3€0020-02 1.0100 +03 0.0000 6.8909"-014 Up 1.48S2 1.1130"-03 1.3952*+(13 9.124T"+02

6803n400 8.5000 0.3318 6.8165v+03 2.9400"-04 7.3676 1.4555 2.0928"+03 2.0926"+03
6.5024".01 3,0337"÷07 1.0900 2.5$29'040 1.1502*-04 1.8050 1.7927 2.q000+02 6.5372"*01"*4.3830"-02 1,010(1""03 0.0000 7.8672*-04 NM 1.4249 1.408*-03 1.002"+U3 9.1176"÷0?

60301403 9.0000 0.3183 6.74731+03 2.9200"-04 0.0104 1.490Q 1.4S39"+03 1.4534"+03
7.51640-0! 3.0662"+07 1.0000 2.04510#04 1.4•2"-.u4 1.8130 1.7773 2.9000"+02 5.87201+01

"-5.0110"-02 1.0100W03 0.0000 1.0021'-03 NM 1.4411 2.0531"-03 1.4051÷+03 9.1107"+02

66010301 9.9500 0.3537 l.1878'+03 5.77001-04 14.6158 1.6158 3.30920+02 3.3092"+02
S.6380-01 1.31534+07 1.0000 6.7000+03 5.66370-04 1.8365 1.7700 2.9000"+02 4.3749"M0"-3.68204-02 9.1000"+02 0.0000 6.0311"-04 JiM 1.3195 1.690b'6-0 1.3409O+03 5.1991"+02

68010500 10.6000 0.3539 5.85351+02 5.9700*-04 17.7132 1.6403 2.1900+02 2.13000m#02
6.6548"-01 1.3721"+07 1.0000 5.60570÷03 7.5385"-04 1.6364 0.7726 2.90004+02 3.B770"o01
-4.3830"-02 9.1000"t02 0.0000 6A0220-04 NM 1.2962 1.6902"-03 1.3447"+03 8.1939"+02

64010503 11.2700 0.3541 ?.S485"÷02 5.9700"-04 18.3505 1.6612 1.4439*÷02 1.4435"020
7.670"-01 1.3652"#07 1.0000 S.40090+03 1.0143'-03 1.8434 1.7755 2.90004+02 3.44660#01

-5.06100-02 9.1000,+02 0.0000 6.4081"-04 NM 1.3400 2.19304-03 1.34500+03 8.1894"+02

68010601 9.9000 0.3155 1.06790+03 5.63004-04 14.6900 1.6227 3.17904+02 3.17901+0?
5.6388*-01 1.2617"W07 1.0000 5.34014+03 5.b292"-04 1.8378 1.7793 2.9000'.02 4.9510'.01"-3.68200-02 1.02001÷03 0.0000 6.0547'-04 NM 1.3184 1.6bSQ"-03 1.4192"+03 9.19070'02

68010602 10.4800 0.3117 5.11116"02 6.2100%-04 16.7123 1.6176 2.,5b7"+00 2.25b7m+02
6.65d4$-01 1.31001+07 1.0000 4.95W0"+03 7.0768'-04 1.1303 1.7773 2.9000"#02 4.11413"M01"-4.36301-02 1.0200003 0.0000 6.34721-04 Am 1.3107 1.59*31-03 1.42304#03 9.1854"#02

6b010603 ll.WO 0.31S9 7.31210+02 5,8700"-04 16.L365 1.6640 1.44415002 1.4445"401
7.6708".01 1.3100"+07 1.0000 4.6241"t03 9.70374-04 1.8438 1.7775 2.9000"+02 3.90980+01"-5.0810"-02 1.0200"#03 0.0000 7.1668"004 rim 1.3334 2.2300"-03 1.4268"003 9.11990402

66010701 11.4300 0.3223 1.1653"÷03 5.4600"-04 15.5523 1.6149 2.0818*40k 2.08180+02
7.6708".01 2.1650O+07 1.0000 7.94290+03 6.5313"-04 1.6360 1.77114 2.Oo"0002 3.6$61"001

-S.08100-02 1.0000"+03 0.0000 7.6699"-04 NM 1.4222 2.25q7"-03 1.4139"+03 8,9981"+02

6010010 10.2500 0.31S7 2.2164"#03 4.3500*-04 12.9600 1,5176 5.979V+.02 5.97950+02
5.63611-01 2.9923,+47 1.0000 1.1841÷004 2.75750-04 1.6414 1.796S 2.9000"402 M.6331N÷01"-3.6820"-02 1.0200".03 0.0000 6.2427"-04 rM 1.3908 1.5746"-03 1.4216"+03 9.1874"+02

66010802 10.6700 0.3158 1.76220,03 5.9500"-04 15.7326 1.5190 4.1926"+02 4.19160+02
6.bs546"-0I 3.10950+07 1.0000 1.0529"N04 3.53864-04 1.6346 1.7823 2.9000*o02 4.1411"O0l

-4.38301-02 1.02000+03 0.0000 6.3100'-04 NM 1.3597 1.8597N-03 1.922524+03 9.1823*÷02

66010803 11.5000 0.3160 1.95631+03 5.5300'-04 12.710b 1.5399 2.9?67"*02 2.9267*#02
7.67806-01 3.1716"+07 1.0000 1.3007*#04 4.5451"-04 1.8355 1.7833 2.9000"e02 3.715'"o03

-S.08100-02 1.0200"t03 0.0000 8.9856*-04 NM 1.4916 2.3769"-03 1.4282"+03 9.177?8002

68601003 10.2000 0.2075 2.30680*03 4.2400"-04 12.0183 1.5461 6.1069"+02 6.1069"+02
5.b0884-01 2.95781+47 1.0000 1.1130"+04 2.6396"-04 1.8290 1.7091 2.9000"*02 3.1357*0l

-3.6820*-02 1.1200"÷03 0.0000 6.7362-04 NM 1.4097 1.63404-03 1.14893%03 1.00841'+03

68010902 10.6500 0.2076 2.376"+03 5.4900"-04 12.9819 1.5337 4.74152"+02 4.14520+02
6.65b4"-(0 3.0682"*07 1.0000 1.1191*÷04 3.1116'-04 1.6254 3.7794 2.q9040+0? 4.7288"+C1

-41.3130".02 1.1200"+03 0.0000 7.3765*-04 NM 1.4111 1.9409"-03 1.1921**03 1.0084"+03

66010003 11.6000 0.2876 1.931O"÷03 5.4100"-04 11.5067 1.5537 2.70060+02 2.70064#0?
7,6708".01 3.1026**07 1.0000 1.91270+04 4.62700-04 1.6330 3.7617 2.90004+02 o.03264#01

"-5.0810o-02 1.12004#03 0.0000 9.92240-04 Jm 1.S159 .4716'-03 1.4971'*03 1.0077"#03

CF AUTHOR (OU/OY)W



680 I-C'.2

65010301 PERRY PROFILE TABULATION 51 POINTSi DELTA AT POTNT St

I Y PT2/P P/PD TO/TOO 4/MD U/UD TtO TD ./RHOO*U/UD

1 0.0000"*00 1.00ou"foo NM 0.31103 0,00000 0.00000 4.35330 0.00000
2 2.7q90"-0O 3.8903"t00 NfM 0. 46231 0.20002 0.41240 4.25100 0.09701
3 5.5880"-04 7.6522"+00 Nm 0.53548 0.20316 0.55130 3.5:4600 0.|5589
4 8.3820"-00 l.200b"+o" NM 0.58601 0.o5528 0.b2590 3.10370 0.20166
5 1.1176"-03 1.3903"ta0 NM 0.b2604 0.40122 0.67560 2.83540 0.23827
4 1.3970"-01 i.6334"*O f4W 0.64738 0.43605 0.70430 2.b08M0 0.26997
7 i.&7boW-03 1.8383"f0l NM 0.66883 0.46337 0.72800 2.46840 0.29493
8 1.95584-03 2.086o"401 rim 0.08500 0.49444 0.74890 2.204t0 0.32605
9 2.2352"-03 2.32560+01 NM 0.70535 0.52297 0.76980 2.16670 0.35529

10 2.5146"-03 2.5617"+0| Nl 0.72105 0.54904 0.78360 2.05260 0.38322
11 2.7940"-03 2.8184"f0i Nm 0.73435 0.57637 0.80120 1.93230 0.41464
12 3.0734"-03 2.0763"#0I NM 0.74735 0.59257 0.81200 1.0760 0.43222
13 3.3528"-03 3.2139"to0 NM 0.75585 0.01613 0.82260 1.782S0 0.46149
14 3.6322".03 3.0220"+Ql NM 0.7677 0.o30605 0.53340 1.71680 0.48544
15 3.911b"-03 3.7043"tOt NM 0.78065 0.66212 0.80560 1.63100 0.51845
t b .191(1n"-01 3..9868"fo Nm 0.78708 0.67950 0.85230 I.57330 0.54173
17 4.47009-03 4. 1132Mto NM 0.79079 0.00816 0.86080 1.5?020 0.566?4
21 a .7498"-03 4.333UM*01 NM 0.80653 0.71o•2 0.56110 1.07000 0.59122
19 5.0292'-01 4.604"t01 riM 0.813qb 0.73912 0.67650 1.40630 0.62327
20 5.3086"-03 4.83740102 NM 0.8?259 0.75777 0.88380 1.3630 0.04971
21 5.5880*.03 5.0918"m0i rm 0.82900 0.77763 0.86990 1.30960 0.67952
22 5.8b74'-03 .2704".Ol NM 0.83865 0.791?8 0.89680 1.28050 0.64817
23 6.14W8"-03 5S.194"*qO Jim 0.84511 0.80991 0.9n250 1.24170 0.72683
24 6.4262"-03 S.75700#01 NM 0.1S376 0.82731 0.90910 1.20750 0.75288
25 6.70561-03 5.9473"*0I NM 0.86017 0.80098 0.94000 1.18120 0.77379
2b 6.9850"-03 6.6022"m01 NM 0.91577 0.88*42 0.94930 1.1•640 0.82771
27 7.2600-03 6.39158*01 NM 0.87209 0.87208 0.923S0 1.12140 0.81352
28 7.5438'-03 6.5914"+01 NM 0.88060 0.88569 0.92930 1.10090 0.84413
29 7.6232"-03 6.8321*401 NM 0.88594 0.90183 0.93360 1.07170 0.7114
30 d.10260-03 6.9263"*01 NM 0.89249 0.90807 0.93760 1.06610 0.57947
31 8.3820*-03 7.0784*+01 rim 0.89788 0.02805 0.94130 1.05130 0.89537
32 8.bb61"-03 7?.316bo01 Nm n.90544 0.92800 0.94b60 1.03940 0.91024
33 8.94086-03 7.4054"401 NN 0.91076 0.9391S 0.94980 1.02280 0.92563
10 9.2202*-03 7.60001+01 NM 0.91713 0.95109 0.95410 I.OOSSO 0.940885
35 9.4996"-03 7.6790+*01 NM 0.9246S 0.95649 0.95400 1.00400 0.95058
36 9.7790"-03 7.7945÷+61 NP 0.93010 0.96397 0.96180 0.99550 0.96615
37 1.0058"-02 7.9392"+0l NM 0.93542 0.97262 0.96520 0.98080 0.98010
38 1.0338*-02 1.0216"+01 NM 0.94090 0.97768 0.96840 0.98110 0.98706
39 1.06l7*-0? 8,1230*+02 NM 0.04624 0.98388 0.97160 0.97q20 0.99631
40 1,0897"-02 8.2039"+01 NM 0.95159 0.98879 0.97470 0.97170 1.00309
41 ,||T7"02 8.2653•"01 NIA 0.95478 0.99251 0.97600 0.96820 1,00868
42 1.1L55*-02 8.30826÷01 NI 0.96030 0.94509 0.97960 0.96910 1.0083
43 1.173S*-02 8.3698"+01 NM 0.96783 0,99580 0.98370 0.97000 1.01402
09 1.20140-02 8.1900*101 NM 0.97101 1.00001 0.9fS40 0.97100 1.01483
4s 1.2294"-02 8.3903"÷01 NM 0.97135 1.u0003 0.98760 0.97S30 1.01361
46 1.2573"-0? 8.3907*i01 NM 0.98060 1.00005 0.99030 0.98060 1.00989
47 1.2552"-02 8,.80b*4A0 NI 0.98387 0.99998 0.99190 0.98390 1.00813
48 9,3132"-O2 l.3894*+01 NM 0.98705 0.99997 0.99350 0.98710 1.00648
09 1.3411"-0& 8.39086"01 NM 0.99360 1.00006 0.99680 0.99310 1.00312
50 1.3691"-0? 8.3907"01 1NM 0.99899 1.0000S 0.99950 0.99890 2.00060

0 S1 1.3970"-02 8.38990+01 N1 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIAULE8 YoU^JD#T/TO AS3UME PvPD



6801 -(-2

e8010401 PERRY PROFILE TABULATIONI 51 POINTS, DELTA AT POINT 50

1 PTZ/P P/PD TO/TOO 1-/100 U/u)) 1/TI' RHO/RlIOD*U/UO

1 0.0000"00 l.O0O0+00tO (IM 0.28770 0.00000 0.00000 4.02575 0.00000
2 ?.7940"-04 3.A874"tQ0 NfA 0.42167 0.20102 0 .3q'4O 3 .66964 0.10419
3 5.5880"-00 l.10350"t01 NMF 0.49105 0.3600I8 0.50008 2,08597 0.23370
0 8.3820"-04 I.4662"t01 NM 0.5"952 0.141190 0.o1138,1 2.400370 0.26352
5 S I.I6":03 IsdO"+1 NM 0.605,13 0.05531 2~03 229208 0.30072

!:3 .370"-03 .0291"+01 Nk" u.o50 04 4 0.710B52 2.i111157 0.32904
7 2.6704"-03 2.26q2"t"1 N ' 0 .66276 0 .50310 0.70004 2.19SOU 0.30289
8 I.9558"-03 2.109P+"01 NM- 0.68354 0.53101 0.7h0'b a.o5090 0.31079
9 2.2352"-03 2.5846"+01 NM 0.69839 0.55085 0.77,457 1.977n5 0.39170
10 2.5146"-03 2.79045'+01 111M 0.71126 0.57317 0.74779 1.889886 0.41702
11 2.7940"-03 3.0010+toI NM 0.72429 0.59Q33 0.80030 1.81323 0.00137
12 3.0734"-03 3.1762.+01 14M 0.73618 0.62070 0.82091 1.75701 0.46102
13 S.3528"-03 3.3563't01 NM 0.74709 0.62906 0.8207.1 1.70220 n.08215
10 3.0322"-03 3.31141"M0 NM 0.7608b 0.b0388 0.83113 2.66703 0.498h9
is 3.9110~-03 i.70'35*t01 NM 0.771801 0.66501 0.84103 1.60100 0.52557
to 0.19I0*-03 3.9012*tOl NM 0.77780 0.68238 0.80765 I.S4379 0.50920
17 0.4700-03 0.156"t01 NM 0.78c68 0.10096 0.855016 1.11007$ 0.57410
18 4.1498"-03 o.1035"+4l1 Nw 0.19568 0.72301 0.8627b 1.11h,153 0.58991
14 5.0292w-0l o.5293"tOI NMA o:a0275 0.73209 0.86947 1.4105Ž 0.e1eoa
20 5.3086"-03 4.7435"O01 fJM 0.81052 0.70438 0.87618 1.16703 0.64093
i20 5.5800"-03 0.9160"t01 NP 0.81946 0.7e301 0.88288 1.33888 0.65902
22 5.8704*03 5.1240b"+0 NiM 0.82906 0.77918 0.8cl030 1.30581 0.a817
23 6.106j8"-01 S.3198"#01 NM 0.83532 0.79402 0.84540 1.27160 0.70412
24 6.4262"-03 5.5369'+01 1114 0.80236 0.81080 0.90110 1.21697 0.72807
?5 b,786-nO 5*7579'tOj NM 0.85128 0.82635 0.90711 1.20t-61 0.75228
2. o.9850"-03 5.Q123'+O1 N

Tm  
0.16610 q.83100 0.91361 1.j9020 0.7676)

?7 7.2600"-03 6.0705"+01 NMJ 0.8b625 0.80866 0.91802 1.17010 0.78450
?8 7.5035"-ol 6.301'4+01 NMl 0.57002 0.86075 0.97342 1.14126 0.80946
29 7.B232"-01 6.'h821"401 NM 0.077Q7 0.87728 0.92713 1.1t713 0.8?992
30 8.1020~-01 b.b2l)0"+01 NP 0.88397 0.88723 0.93123 l.1021" 0.80511
31 8.38201-v3l *.8325"tol N~M 0.09M8 0.90073 0.91714 1.0824t. 0.86514
32 b.ob104-03 6.981b"t01 NM 0.90087 0.91071 V.9022'i 1.07004 0.8824
33 6.94008"03 7.11W+t01 NiM 0.qn576 0.919340o.9o555 2.05782 0.89387
34 9.2202"-03 7.28Q8"t0I NN 0.9118 0.91059 0.94965 1.101141 0.91191
35 9.0'196'-03 7.00fl7't0) N~k 0.91871 0.94009 0.95405 2 .02986 0.92711
3b 9.7790"-u3 1.5t2u"i0 iNm 0.9;.567 0.90791 0.94826 1.02190 0.93768
31 1.00o8"-02 7.7142*401 Nu 0.73209 0.15773 0.96251, 1.0200Že 0.95301
38 1.0336'-02 7.a199"t01 14M 0.93855 0.96404 0.96017 2.00401 o.96193
29 1.0617"-02 7.Pone".01 NiM 0.00006 0.97147 *0.90977 o.9q6004 0.97318
"10 1.0897"-02 M.0.113"tU1 ,Am 0.9U801 0.97768 0.972127 0.98p98 0.083211
41 1.127b".02 3.11433"M0 14M 0.95438 0.98389 0.97578 0.911357 0.99208
.12 1.1455"-02 8.22a9~t0I 100 0.95937 0.918884 0.97868 o.9795e 0.99910
03 1.1735"-02 8.2869"+lI 14M 0.96729 o.99258 0 .911248 0~q807t 2.00227
00 1.20001-J2 8.3492"M0 NM 0.97328 0.99u32 0.98829 0.97996 2.O0ebu,
"5s l.2?940-02 S.390.".01 NM 0.97M2 0,99880 0.918809 0.9 7908 1.009?2
06 1.2573"-02 8,0098"t02 N~M 0.98207 0.99995 0.99091 6.9m226 1.00899
07 1.285i'-22 8.i090"O0I NiM 0.98600 0.99993 0.90199 0.98617 1.00692,
08 1.12"5 8.41202001 NM 0.99002 0.99997? 0.99099 0.99008 1.600496
49 1.34111-02 S40o99'0I1 Ntm 0.99501 0.1399b8 0.99790 0.99549 1.00242

o 50 1.369l"-02 6.4106"M0 Nm 1.00000 1.00000 1.00000 1.00080 2.00000
51 1.1970"-02 8i.'h0b".0I NM 1.00200 1.00000 1.00100 1.00200 0.99900o

INPUT VAQIASLES YUJ/U0,'/TO ASSUME PIPO



(1801-(-3

68010501 PERRY PROF1IE TABULATION 51 POINTS# DELTA AT POINT 49

I PTa/P P/PD TO/TOD M/riD U/UD T/TO RHO/RHOD*U/UD

1 0.0000"+00 .0o000"•00 NM 0.31868 0.00000 0.00000 6.62870 0.00000
2 4.5720'-04 l.82811400 Nm 0.D40987 0.09717 0.26110 7.17560 0,03639
3 9.14401-04 4.5322"+00 Nt 0.49227 0.17787 0.44630 6.29560 0.07089
4 1.37160-03 q.5856'1,00 NM 0.56479 0.26732 0.58960 4.86970 0.12120
5 1.828R*-03 1.1678"401 NM 0.62415 0.29647 0.64530 4.73750 0.13021
tj 2.2860'-03 1.3737"+O1 Nm 0.66479 0.32260 0.68570 4.51800 0.15177
7 2.7432"-03 1.60W4+"01 NM 0. 6 989 4  0.34977 0.72090 4.24810 0.16970
a 3.Z0041-03 1.7810"÷01 NM 0.71866 0.36883 0.74210 4.04710 0.18334
q 3.6576"-03 1.9753*÷01 NM 0.74072 0.38897 0.76380 3.85600 0.19808

10 4.1148"-03 2.2008"÷01 Nm 0.75640 0.41108 0.78200 3.61080 0.2bO9
11 4.5720"-03 2.44q3n÷o0 NM 0.76919 0.43415 0.79830 3.38100 0.23611
12 5,0292"-03 ?.68906.01 NM 0.78248 0.45530 0.81300 3.18850 0.25498
13 5.48640-03 2.0269"Ol rim 0.79444 0.47535 0.82590 3.01870 0.27359
14 5.9436"-03 3.2012*nl rNm 0.80547 0.49748 0.83830 2.83950 0.29523
15 6.4008"-03 3.4219"101 rim 0.8!32 0.51459 0.84760 2.71310 0.31241
16 6.8BOen-03 3.7317"÷01 NM 0.82089 0.S3769 0.85680 2.53920 0.33743
17 7.3152"-03 3.9970"•1 rim 0.82649 0.55675 0.86510 2.41440 0.35831
18 7,7720"-03 4.2735"÷01 NM 0.83292 0.57586 0.87140 2.28980 0.38056
19 8.2296"-03 4.$743"÷01 rm 0.84179 0.59600 0.87940 2.17960 0.40370
20 8.6808"-03 4.8843"0t| NM 0.84612 0.61607 0.88570 2.06690 0.42852
21 9.1440*-03 5.223"÷01 NM 0.85391 0.63722 0.89320 1.96480 0.454h0
22 9.6012"-03 5.5528"101 Nm 0.65929 0.65726 0.89900 1.87090 0.48052
23 1.0058"-02 5.8775'+01 NM 0.86477 0.67636 0.90450 1.788a0 0.50576
24 1.0516"-02 6.2842'+01 NW 0.87041 0.69954 0.91040 1.69370 0.53752
25 1.0973"-0? 6.62774t01 Np 0.87685 0.71855 0.91600 1.62510 0.56366
26 1.14301-02 7.00231+01 rm 0.88468 0.73872 0.92230 1.55880 0.59167
27 1.1887"-0? 7.385o"÷0l NM 0.88900 0.75879 0.92060 1.49120 0.62138
28 1.2340402 7.7200.01 NM 0.89450 0.77589 0.93110 1.44010 0.64655
29 1.2802"-02 8.1440D"01 NI 0.90009 0.79704 0.93590 1.378F0 0.67878
30 1.3259*-0? 8.5572*+01 NM 0.90667 0.81712 0.94100 1.32620 0.70995
31 1.371b*-02 8.8529"+0l NM 0.91436 0.83119 0.94610 1.29560 0.73024
32 1.4173*-02 9.?6144t01 NM 0.91758 0.65025 0.9492O 1.24630 0.76141
33 1.46300-02 9.6358"÷01 NM 0.92530 0.86735 0.95440 1.21080 0.78824
34 1.5088"-02 9.9495"Ol NM 0.93082 0.88142 O.9S8?O 1.18180 0.81080
35 1.5545"-02 1.n3ft4*02 NM 0.93405 0.89749 0.96090 1.14630 0.83626
36 1.60020-02 1.06381+02 NM 0.93956 0.91154 0.96460 1.11980 0.86140
37 1.6459*-o2 1.0967"+02 NM 0.94b12 0.92561 0.9680 1.009550 0.8843S
38 1.b916b-02 1.1255,"02 NW 0.95063 0.93772 0.971h0 1.07400 0.90484
39 .7374*-02 I.ISS"+02 NM 0.95500 0.94976 0.97470 1.05320 0.92547
40 .7S310-02 1.1764*+02 NM 0o.9934 0.9S879 0.97740 1.03920 0.94053
41 1.5288*-02 1.19624+02 NM 0.96480 0.960b2 0.980bO 1.02870 0.95324
42 1.874S"-02 1.2086"+02 um 0.96922 0.97184 0.98310 1.02330 0.96072
43 L.9152"-02 1.2z60b"02 NM 0.97246 0.97886 0.98510 1.01280 0.97265
44 1.96W-02 1.2411"+02 NM 0.97799 0.98491 0.98820 1.00670 0.98162
45 2.0117*-01 1.248;8÷02 NM 0.98245 0.98794 0.99060 1.00540 0.98528
46 2.057"-0u2 1.2614'02 NM 0.98792 0.99295 0.90360 1.00130 0.99231

7 2.1031".02 1.2693"+02 NM 0.9920 0.99bOS gf0.99600 0,99990 0.99bl6
48 2,14588-02 1.2769*+02 NM 1.00009 0.99905 1.00000 1.001q0 0.99810

0 49 2.1946"-02 1.2793"*02 NM 1.00000 1.00000 1.00000 1.00000 1.00000
SO 2.2403*-02 1.2793*i02 NM 1.00000 1.00000 I.V0000 1.00000 1.00000
51 2.2860".02 1.2793"+02 NI 1.00000 1.00000 1.00000 1.000l 0 1.00000

INPUT VARIA13LES Y*U/UD#TITD A3sUpt PuPO



6H01-C-2

68010401 PERRY PROFILE TABULATIOCN i1 POINTs, DELTA AT POINT 50

I Y PT2/P P/PD TO/TOD M/lIa U/uI) T/T) RIIO/AH0OD*U/UD

1 0.0000o+00 o .000oo"oo NW 0.28770 0.00000 0.00000 4.02575 0.00000
2 4.7940"-0u 3.887"'•0o NM 0.o2l67 0.20102 0.39540 3.869n0 0.10219
3 5.5880"-04 t.1810"+ol N, 0.4g205 0.36848 0.58098 2.48597 0,23370
4 . 3820 "-0 4 1.4bbi"l'0l NM 0.55912 0.41190 0 . b 4384 P .44 124 0.26352
5 1.1176"-03 1.7809"+Ol NM 0.60513 0.145531 0.6"'31 2.2c;248 0.30072
h 1.,970"-O3 2.0251-+01 NNI 0.63590 0.48•43 0.71082 2.18457 0.32904
7 1.67bf-0_3 2.1602"tO1 14P, 0.6b276 0.50374 0.74004 2.15822 0.34289
8 1.9558o-03 2.0052"toI Nh 0.06354 0.53101 0.7h046 2.05090 0.37079
9 2.2352"-05 2.5846"+01 NM 0.6983q 0.55085 0.77457 1,9772S 0.39174

to 2.5146"-03 2.7945"tOI rim 0.71126 0.57317 0.78779 1.889AP 0.41702
11 i.7940"-o03 3.00to"01 NM 0.72429 0.59413 0.80030 1.61323 0.44137
12 3.0?34"-03 1.1762"+Qi NM 0.73618 0.61170 0.8209l 1.75741 0.16142
13 1.35286-03 3.3563S"01 NM 0.7470q 0.62906 0.62072 1.70220 0.48215
14 3.6522P-03 3.5141"01 elm 0.76086 0.b4388 0.03133 1.66703 O.4q869
25 3.91161-03 3.71455"t01 NM 0.778•4 0.66501 0.84144 1.10200 0.52557
1* 4.1910".03 3.9412't01 NM 0.77780 0.08238 0.84785 1.54379 0.54920
17 4.4704"-03 4.1562"t01 NM 0.76t68 0.70096 0.85581 1.109079 0.57010
18 4.74W8-03 4 .5015 " # 6 NM 0.195~6 0.71341 0 . 8 6276f 1.IA/53 0.58991
19 5.0292"-03 4.52q3"+0l NM 0.80275 0.73209 0.86947 1.41052 0.6142
20 5.30866"03 4.7435"f01 fjm 0.81052 0.74938 0.87618 1.36703 0.64093
21 5.5880"-03 4.9160't0O Nm 0.81946 0.76301 0.88288 1.33888 0.65942
22 5.8670"-03 5.120cG÷1 lim 0.82906 0.77918 0.8q03') 1.30581 0.68187
23 6.14a8"-03 5.3198"01 NM 0.83532 0.79402 0.80540 1.27164 0.70212
24 6.426?"-03 5,5369*t01 WA 0.84236 0.81020 O.9A110 1.?I6q7 0.72847
25 6.7056"-J$ 5.7579*t01 NM 0.85128 0.82635 0.90771 1.20661 0.75228
20 b.98501-03 5.9123"i01 NM 0.86010 0.83744 0.91361 1.1qO1 0.76763
27 7.2644"-03 6.0705"+01 NM 0.84665 0.84866 0.91802 1.17014 0.78454
28 7.5438"-03 6.3012"t01 NM 0.87402 0.86475 0.92382 1.141i8 0.80946
29 7.8232"-05 6.48?1"401 NM 0.877Q7 0.87718 0.92713 1.11713 0.82992
30 b.102b"-u1 6.6290"t0I NK 0.88197 0.88723 0.93123 1.10ql 0.84511
31 8.3820"-03 6.8325"÷0o Nm 0.09282 o.90073 0.93714 1.08246 0.86574
32 6.6614"-03 6.98a3"4+1 Nm 0.90087 0.91071 0.942211 1.0704 0.88024
33 8.9408"-03 7.158"+0! NM 0.90576 0,91934 0.94555 1.0579Z 0.893A7
34 9.2202"-03 7.?898",01 NM 0.91182 0.93059 0.94965 1.011A3 0.91191
35 9.4996"-03 7.4414740 Nk 0.91071 0.94049 0.95405 1.02906 0.92711
36 9.Tqo"-u3 7.5620'+A! JNM 0.9a567 0,94791 0.9s82b 1.02194 0.93768
37 1.0058"-02 7.7192"*01 Nm 0.932u9 0.15775 0.96256 1.010•2 0.95301
38 1.0338"-0? 7.8149••01 NM 0.91055 0.96404 0.96427 1.00441 0.9614S
39 1.0617"-02 7.0402-t01 Np 0.94446 0.97147 .0.96977 0.90649 0.97318
40 1.0897"-02 8.0423"tOl (p. 0.94843 0.47768 0.97227 0.98p89 0.48311
41 1.117b"-O2 6.1433"÷01 14M 0.9S438 0.98359 0.97578 0.98357 0.99208
42 1.1455"-02 8.1229"+01 NV 0.95937 0.98884 0.97868 0.97q9b 0.99910
43 1.1735"-02 .?8694.01 4M 0.96729 0.99258 0.90208 0.96076 1.002?7
44 1.4014"-02 8.3492*t0l NM 0.97328 0.99b32 0.98029 0.97996 1,0064b
15 1.2?94"-0? 8.3900+÷01 NM 0.97728 0.49880 0.9800 0.Q794b 1.00922

46 1.2S73"-02 8.40•0"tol NM 0.98207 0.99995 0.99099 0.91216 1.00899
47 1.2852*-02 6.'094*t02 NM 0.98604 0.99993 0.9299 0.98617 1.00692
46 8..132-0? S.'1016+01 NM 0.99002 O.9gq97 0.99499 0.99008 1.00496
49 1.341"-02 8.40•9•*01 NM 0.99$01 O.999b 0.94750 0.99589 1.00242

D 50 1.369t"-02 8.4106l*01 NM 1.00000 1.00000 1.00000 1.000on 1.00000
51 1.3970"-02 8.4100+*01 NM 1.00200 1.00000 1.00100 1.00210 0.99900

INPUT VARIABLCS YU/UDT/TD ASSUME PwPo



6801 C-4

68010502 PERRY PROFILE TABULATION 51 POINTS, DELIA AT POINT 49

I Y PT2/P P/PD To01O0 [/!ID U/UD T/TD RHO/kIHOD*U/UD

1 0.0000"÷Oo 1.00nO"+00 N" 0.318b U.000000 0.00000 7.48010 0.00000
2 5.0000"-04 l.587."+00 ij 0.q1980 0.0742b 0.23200 8.63460 0.0?697
3 1.010Q"-03 4.1370"+00 NM 0.50328 0.15J48 0.43550 7.55100 0.05767
4 1.320o"-03 8.39R89"Oo OJN 0.57365 0.23397 u.57490 o.037150 0.095?2
5 2.0320"-03 1.1831"+01 liM 0.b2b39 0.2m011 O.j4620 5.31880 0.12149
p 2.5400"-03 1.33?8"+O0 NS O.bhBlO 0.291lO 0.08190 5.23250 0.13032

7 3.0380"-03 1.535'•"'01 1h 0.0781 0.32076 0.71330 4.04530 0.1O424
a 3.S560"-OS 1.7158"+01 NP 0.72533 0.33964 0.73940 u.73930 0.15601
9 4.0640"-03 t.q2%4"*Ol NI 0.73139 0.36036 0.75790 4.42340 0.17134

10 4.3720"-03 2.I?93"÷o0 iJm 0.70598 0.38394 0.77880 4.11450 0.lR928
11 5.0800"-03 R.,b12*+Ol 0' 0.77029 0.3q999 0.79340 3.93450 0.20165
12 5.5880"-03 2.63nb6l0l NM 0.78348 0.422b3 0.00940 3.6780 0.22068
13 b.0960",.03 2.8303"nl1 NM 0.79224 0.4386b 0.81980 3.49270 0.23472
14 6.6040"-03 3.113+OOl 4Nm 0.80225 0.46040 0.81220 3.26730 0.25471
15 7.11201-03 3.43480"÷01 NM 0.81098 0.48396 0.84370 3.03920 0.27761
lb 7.6200"-03 3.663'"+01 NM 0.81868 0.50000 0.85200 2.90360 0.29343
I? 8.,|aO1-03 4.0120"+01 NM 0.82b30 0.52356 0.86170 2.70880 0.31811
18 8.43601-03 4.34,76

1
+01 NM 0.83292 0.54527 0.86990 2.54520 0.14178

19 9..440"-03 4.6811"÷01 NM 0.84170 0.56601 0.87860 2.40950 0.36464
20 9.6120"-03 5.0279"÷01 NM 0.84619 0.58681 0.88470 2.27300 0.38922
21 h.CI60O-2O 5.3207"*01 NM 0.8S283 0.603A81 0.89100 2.177S0 0.40916
22 1.0663"-02 5.6sil501 NM 0.86047 0.62266 0.89790 2.07950 0.43179
23 S ,$176"-O2 6.0698"÷O1 NM 0.86698 0.bO527 0.904s0 1.96490 0.46033
24 .1684"-0a2 6.4822H+01 Nm 0.87366 0.66699 0.91080 1.86470 0.49844
25 .2192*-02 6.805n7101 NM 0.88123 0.68582 0.91700 1.78780 0.5t292
26 1.2700'*02 7.2305"÷0l NM 0.88680 0.70470 0.92200 1.71180 0.53861

27 1.3208'-02 7,7195÷l01 1NM 0.89117 0.72829 0.92670 1.61910 0.57236
28 1.3716'-02 8,1420+01 IJM 0.69774 0.74809 0.93200 I.S5210 0.60048
29 I.42241-02 8.556!b+O NM 0.902?2 0.76008 0.93600 1.168930 0.62848
30 1.4732"-02 4.0241i')1 NM 0.91106 0.78777 0.94230 1.430o0 0.65858
31 1.5240"-02 I.,452"+01 NM 0.91b44 0.81414 0.94710 1.35330 0.69984
32 .5148*-02 1.4107"÷02 NV 0.92302 0.83394 0.91190 1.0290 0.73060
33 1.6256"-02 t.,5O24*02 NM 0.92974 0.85097 0.95650 1.26340 0.75708
34 1.A7760-02 1.0944*t02 NM 0.93407 0.8b793 0.94980 1.2a220 0.71486
35 1.7272"-02 1.1422"+02 hM 0.93947 0.88074 0.96370 1.18110 0.81593
36 1.7780*-02 1.1917"+02 NM 0.90536 0.9n583 0.96790 1.14110 0.84783
37 1.8288-01 1.1280"+02 14M 0.95270 0.91981 0.97230 1.11740 0.87014
38 1.8790-02 1.3110'+02 NM 0.99496 0.95027 0.99520 1.09600 0.90737
39 1.9304*-0? 1.2870"+02 NM 0.MS93S 0.94110 0.97680 1.07640 0.90747
40 3.98124-02 1.320b*+02 NM 0.v6486 0.95377 0.98020 1.0S620 0.92804
41 2.0320"-OP 1.3441'+02 NM 0.96919 0.96224 0.98290 1.04320 0.94210
42 R.0828"-02 1.3705"+02 NM 0.97465 0.97168 0.98600 1.02970 0.95756
43 2.1SW3-02 1.3946*+O2 NM 0.97804 0.98019 0.98810 1.01620 0.97235
44 2.10•24-Z 1.40804+02 NM 0.98238 0.98490 0.99050 1.01140 0.97934
45 2.252*-02 1.4240+02 NM 0.98785 0.99053 0.99310 1.00600 0.98757
46 2.28b0*-02 1.4323%+02 NM 0.98899 0.99341 0.99420 1.00160 0.99261
47 2.3368*-02 1.4403*+02 NM 0.99334 0.99620 0.99650 1.00060 0.99590
48 2.3870#-02 1.4487N+02 NM 0.99788 0.99910 0.99890 0.99960 0.99930

0 49 2.438i.*02 1.4513÷+02 NM 1.00000 1.00000 1.00000 1.00000 1.00000
so 2.4892002 1.45131902 NM 1.00000 1.00000 1.00000 1.00000 1.00000
St 2.5400"-02 .451I3*02 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIADLES YU/lJD,1/TO ASSUME PsPD



6801--C-5

68010503 PERRY PROFILE TABULATIONJ 51 POINT-, DELTA AT POINT 4R

I P 4T2/P P/PD T0/T00 /!Al U/UD T/Tr) RHO/R11DO'U/UD

1 0.0000"+00 I.O00"O*00 NM 0.31349 0.00000 0.00000 8.01oQb O.O000nO
2 5.8420"-04 l.,4133"t*o Nm 0.o•5|0 0.06395 0.20392 10.16750 0.0200b
3 1.1684"'.03 3.1434"+00 14M 0.51L.47 0.13144I D.46464 9.L47b71 0.0'J270
4 1.752W"-03 7.a834"+00 NM 0,58587 0.20b61 0.563all 7.4697) 0.074o01
5 2.3368"-03 1.2081t"01 Np 0.62668 0.26642 0.bo729 5.Q02Pt. 0.1096o
6 2.9210".03 1.4947'+01 NM 0.66149 0.29752 0.69011 5.38011 9.12827
7 3.5052".03 1.7843."01 NM 0.68954 0.3?595 0.72313 4.92195 0.1.b12
8 4.0894"-03 1.9783"+01 Nm 0.71035 0.34347 0.74415 4.b86H3 0.06872
9 4.b736"-03 2.2149",01 NM 0.72692 0.36412 0.76324 '.39346 0.17371
t0 S.2578"-03 2Ž.7650+01 NM 0.74133 0.38546 0.78047 4.oq964 0.10037
II 5.8420"-03 2.70159t0! NM 0.75565 0.40322 0.79510 3.9eq97 0.2047
12 6.42621-01 2.9321÷t01 Ns, 0.76654 0.4O,00 0.40709 3.o0168 0.21862
13 7.010•-03 3.22010+01 NM 0.77549 0.4053 0.8185q 3.(45293 0.23707
14 7.5Q46'-03 3.4b73*tOl NM 0.78640 0.45736 0.02940 3.28B53 0.25221
15 8.1788"°03 3.84430+01 Nm 0.79740 0.48223 0.84191 3.04607 0.27621
lb 8.7630"-03 4.l13b*+lI Nk' 0.80290 0.50176 0.81951 2.866b4 o.aqb6b
17 9.3472"-03 4.490o"tol IW 0.81394 0.52131 0.85962 2.71407 0.31b14
18 q9.9310-03 4.7900"'01 NM 0.81952 0.53qoq 0.86612 2.581?5 0.33554
19 I.OS16.0-• 5.19Ao"t01 NM 0.82834 0.56130 0.87482 2.42,q4 0.360t4
20 1.1100"-0? 5S.127*t0I 10i 0.83382 0.57816 0.080%3 2.31M51 0.37962
21 1.16b64-02 5.8881"÷01 NM 0.84368 0.597b8 0.8A873 2.21107 0.401Q5
22 1.2?641-02 6.2942"+0I Nm 0.04808 0.61611 0.89394 2.09164 0.42738
23 1.2852'.0e 6.65f99*O NM 0.85584 0.63589 0.90034 2.00470 0.4491k
24 1.341717ua 7.0526"01 r m 0.86.354 Ob.544 0.90664 1.91865 O,47254
25 1.40210-02 7.4568.01 fNM 0.87119 0.07316 0.91275 1.838so 0.49644b
26 l.46b05-0 7.95aoa"01 NM 0.87786 O.bq54o 0.91895 1.74475 0.5?b4b
27 .S1691-0? 8.3627q+01 NM 0.6855l 0.71312 0.902'1 1.67979 0.55022
28 I.5773*.02 8.7'41"001 NP 0.89002 0.72917 0.9280# 1.6lq93 (,457290
29 1.6358-02 0.1910+O01 NWA 0.89987 0,74779 0.93476 1.56250 0.9822
30 t.642"-O 9.b310"+Ol N4M 0.90543 0.76547 0.939(b 1.50460 0.62413
31 1.7526"-02 NM 0.91300 0.76663 0.91457 1.44t1i4 0.65543
32 L.8i10"-02 1.05h5"+02 NM 0.91753 0.80149 0.90797 1.39716 D..47TSO
33 1.8694*-0? 1.1011"402 NM 0,q2i00 0.81882 0.95247 1.35309 0.70392
34 1.9279"-02 1,1584"+02 NM 0.9O8s5 0.84014 0.95607 1.29502 0.73827
35 1.9830-02 1.2032"+02 im 0.93505 0.85610 0.96038 1.25444 0.76315
3t 2.0447"-02 1.2011"+02 tip 0.93945 0.67653 0.96378 1.20897 0.79719
37 2.1031"-02 1.3537'+02 NM 0.98377 0.90828 0.96789 1.08294 0.83508
35 2.1615"-02 1.34q3"+02 11M 0.9$170 0.90679 0.97158 1.14801 0.84632
39 2.2200"-02 1.3891"+02 NM 0.95830 0.92021 0.97559 1.12423 0.86778
40 2.2784"-02 1.0431002 NM 0.96378 0.93787 0.97919 1.09005 0.89839
41 2.3368W-02 1.4731"•02 NM 0.96806 0.94760 0.98179 1.07346 0.91461
2 2.3952"-02 l.5117*02 NV oq?7353 0.95999 0.98509 1.05297 0.93554
43 1.45360-02 1.,428"÷02 NM 0.97589 0.96963 0.9M669 1.03508 0.95325
44 2.5120-02 1.5739"+02 NM 0.97907 0.979,8 0.98869 1.01o69 0.97055
45 2.5705"-02 1.5966'002 NM 0.98567 0.98•b6 0.99230 ,.01149 0.98102
46 .b62q"-02 1.6167"+02 IIM 0.99116 0.q997 0.99530 1.004•0 0.99045
07 2.6873"o02 1.63131+02 NM 0.99560 0.99735 0.90770 1.00070 0.99700

0 48 2.7457'-02 1.6400"+02 Nm 1.00000 1.00000 1.00000 1.000n0 1.00004
49 2.8042"-02 1.6429"02 a NM 1.00113 1.00090 1.0060 0.99940 1.00120
so 9,.6626"-U2 1I.629"+02 NM 1.00113 1.100M0 1.00060 0.99940 1.0o120
S1 2.9210*-02 1.64?9'402 NM 1.00113 1.00090 1.00060 0.99940 l.on02v

INPUT VARIABLE$ Y#U/UD#Td`T0 ASSUME PoPO



68010901 PERRY PROFILE TABULATIOIJ 51 POINISe DELTA AT POINT 50

I Y P72/P P/PO TO/TOD H/Ho U/UD T/70 RHO/RHOD*U/UD

I 0.0000"+00 2.0000*00 NM 0.26033 0.00000 0.00000 5.67736 0.00000
2 4.0600"-.0 2.4963'"00 NM 0.34562 0.12059 0.2900a 5.70635 0.05013
3 8.1280"-04 1.0498"+0, NM 0.43540 0.27354 0.52712 3,71355 0.14195
4 1.2192*-03 j.l90S.+n2 N4M 0.52511 0.31763 0.61055 3.b9495 0.16524
5 1.6256"-03 1. 6 6 q7"+Ol NM 0.57995 0.34005 0.65968 3.59230 0.14364
6 2.0320"-03 0.8768"+01 Np 0.b1402 0.36960 0.08996 3.48482 0.19799
7 2.4384"-03 2.1069"401 NM 0.64278 0.39217 0.71643 3.33742 0.21467
8 2.8008"-03 2.3503"f0l NM 0.67413 0.41469 0.74311 3.21114 0.2312
9 3.2512"-03 2.5965"+00 NM 0.693q9 0.43630 0.76206 3.0S077 0.24979

10 3.bS76'-03 2.7707"+0! NM 0.71181 0.05095 0.77680 a.96722 0.26179
01 4.0640*-03 3.0130"+01 NM 0.72532 0.47058 0.79033 2.82063 0.28020
12 0.0704-03 3.2015"+01 NM 0.73795 0.48531 0.80106 2.72733 0.293A0
13 4.5768"-03 3.4479P+01 NM 0.7523 0.50391 0.41420 2.61070 0.31187
14 5.2832*-03 3.6907"+01 Nri 0.76307 0.52158 0.82443 2.49039 0.32998
15 5.b6960-03 3.q931p-01 NM 0.77295 0.53727 0.83335 2.40589 0.34638
26 b.09604-03 4.1709"*01 NM 0.78367 0.SS4 9 0.842m8 2.30736 0.36530
17 0.50244-03 4.62284÷01 NO 0.79050 0.571S8 0.85200 2.22190 0.38346
18 6.9088"-03 4.6354M01 N14 0.80035 0.58530 0.85982 2.15800 0.39802
19 7.315?"-03 £.4313"+01 NM 0.8114 0.60388 0.06684 2.060S5 0.42069
20 7.7216"-03 5.2891"401 NM 0.51069 0.6196L 0.87326 1.9a633 0.43963
21 8.1280"-03 5.0528"+01 Nm 0.8A259 0.63529 0.87947 1.91645 0.05891
22 8.5344"-03 5.7738'+01 NM 0.13298 0.65389 0.80589 1.83SS1 0.48264
23 8.94080-03 5.9993"*•l NM 0.801b6 0.b6663 0.89141 1.7T006 0.49853
24 9.3472*-03 6.31q1"+01 Nm 0.804920 0.68031 0 ME43 1.72317 0.52122
2S 9.703SW-03 6.6285"+01 NM 0.85551 0.70098 0.90374 1.66218 0.54371
26 1.01WO-02 6.9075"*02 NM 0,86361 0.71568 0.90966 1,61552 0.56307
27 1.05*6"-02 7.1931"+01 NO 0.86942 0.730a2 0.91407 1.56606 0.58367
26 1.0973"-02 7.5030"+01 NO 0.87401 0.74609 0.91868 1.51540 0.60606
a9 1.1379"-02 7.0204"0.l NO 0.88302 0.76181 0.92070 1.07336 0.o0761
30 .1756*-02 6.1026b"tO NM 0.69050 0.77763 0.9291 1.43)042 0.65002
31 l.2192"-02 8.073S"+0l NM 0.89502 0.79315 0.93352 1.38528 0.67389
32 1.25981-02 6.7881'+01 NM 0.9021o 0.80783 0.93803 1.34949 0.69540
33 1.3005"-02 9.1089*÷0I NM 0.90574 0.822S2 0.9L164 1.31007 0.71862
30 1.311"-02 9.4798"+01 NM 0.91300 0.83918 0.94b8e 1.27307 0.76376
35 1.3818-02 9.8370"t01 NM 0.92019 0.8%492 0.95127 1.23809 0.76834
36 1.42244-02 1.0130"t02 NO 0.92551 0.86763 0.95488 1.21120 0.70835
37 1.4630"-02 1,0429"t02 NO 0.93092 0.88038 0.95869 1.1$530 0.80865
38 1.5037"-02 1.0778"÷02 NM 0.93890 0.89507 0.96350 1.15876 0.83150

39 1.54431-02 1.1231'602 NM 0.94319 0.91378 0.9661 1.11905 0.856365
00 1.5850"-02 1.1471"+02 NM 0.94975 0.923%1 0,97072 1.10087 0.87859
01 1.62560-02 1.1741"+02 NM 0.95028 0.93434 0.97563 1.06506 0.89664
02 1.666V-02 1.2062"+62 NM 0.96062 0.9q700 0.977511 1.06535 0.91757
0 .7069".02 1.2236'+02 rM 0.96504 0.953is90 o.go 1.05570 0.92803
04 I.7075-02 1.2538".02 NM 0.97039 0.96566 U.98306 1.03720 0.94908
05 1.7862*-02 1.2742'*02 NM 0.97577 0.97353 0.98656 1.02694 0.9bOb8
Mb 1.8280"-02 1.2923"t02 Nm 0.98126 0.98005 0.99967 I.o|gqo 0.97131
07 1.8690-02 1.3128"+02 NM 0.90650 0.90822 0.9t)265 1.00905 0.98378
48 1.9101"-02 1.3265"+02 NM 0.98934 0,99013 0.99038 1.00050 0.993A9
09 .95074-02 1.3318"+02 NM 0.99458 0199000 0.99719 0.99839 0.99880

0 50 1.9910"-02 1.3102'+02 N4 1.00000 1.00000 1.00000 1.00080 2.00000
51 2.0320*-02 1.3042"+02 NM 1.00502 2.00000 I.O0271 1.00503 0,9q7p9

INPUT VARIAULLS YfU/UU#T/Tfl ASSUME PGPD



6901-A-I

axisymmnetric SM; Subsonic to 4.4 6901
R THETA X 10-3 :0.6 - 7.0

TW/TR : 0.85 to 0.65 FPGS" -- SHT
(TEMP. HISTORY)

Special purpose rig. Continuous running. 0 Inlet) 0.165 m, (throat) 37.85 mm.
PO : 2.1 MN/mn2 . TO : 540 K, Air: RE/m X 10i of order 50.

COLIMAN O.R., SCHMIDT J.F. and EHLERS R.C. 1969. Experimental and theoretical turbulent boundary layer
development in a Mach 4.4 water-cooled conical nozzle. NASA TN 0-5377.
And Boldman, Schmidt and Fortini (1966). Boldman. Schmidt and Gallagher (1968), Boldman and Graham (1972
and extensive supporting bibliography (see references). Boldmsan O.R., private coewmunications.

I The test boundary Ilyer was formed in a conical convergent-divergent nozzle and one of two cylindrical
Inlet-passages leading to it, The inlets were 0,165 m diameter and met the conical convergence with no
fairing, The 300 semiangle convergence was faired into the throat (X - 0, 0 v 37.85 m) by a part of the
wall having a constant radius in longitudinal direction of 37,85 mm, T,•s circular contour was carried through
the throat until the tangent point (X n 10,16 mm) with the 160 semi angle divergent section, which ran from
this point to X • 0.280 m where the diameter was 0,186 m. Provision was made for boundary layer traverses
In the cylindrical inlet, the convergence, and at three stations In the divergence. The test surfaces were
machine-turned to a finish of 1.6 In rms, and both the nozzle and one of the inlet cylinders could be

3 actively cooled, The earlier tests (1966. 1968) showed that the boundary layer became turbulent after
4 natural transition very near the start of the inlet sections. Of these one (series 01) was uncooled, and ran

from Xu -0.552 to X a-0.120 m the &tart of the convergent portion, The other (series 02) was 0.965 m long
(X - 1,075 to - 0.120 m) and actively cooled by water passages from X - - 0,734 m. The upstream edges
of the Inlets were machined to give a leading edge radius of 0.76 mm and a boundary layer bleed bypass
outside the inlets ensured that the experimental boundary layer started at this leading edge. The wall
temperature and pressure history for the nozzle itself is presented in section D.

6 Static pressure was measured by tappings of 0,79 mm diameter at the points indicated in the wall data table
of section 0. The wall temperature and heat flux rate were measured with a plug type heat flux meter.
A conducting rod of constant cross section is placed in a cavity in the wall to shaped that it is in
thermal contact with the wall at the test surface and insulated elsewhere by the cavity. The temperature
gradient In the plug than gives the heat flux, and can be extrapolated to give the test surface temperature
(Boldman at al. 1967). Uncertainty in correction procedures to allow for the local distortion of the heat
flux pattern is believed to give a residual uncertainty of 10 % in heat flux,

7 Boundary layer profiles were measured with TPP and TTP. The FPP ware constructed from tubing (di - 0,711,

d2 - 0.355 w) flattened to give a rectangular opening (h2 - 0,051, b2 - 0.76 am) and ground down so as to

have a sharp lip. The overall pr,5be lengths were 19 and 16.2 mm for the subsonic and supersonic profiles
respectively. About the last 5 m (E) of the tubm was unsupported. The TTP for the subsonic profiles
consisted of an unshielded Chromel-Alumel thermocouple bead 0,13 mm in diameter mounted at the end of a
short cylindrical support (d a 0.35, 1 w 2.5 mm). This in turn was mounted in a conical (150) housing.
For the supersonic profiles, the bead size was reduced to 0.08 mm and the diameter of the support to

8 0,2 a. The o~erall lengths were as for the TPP. The profiles were obtained normal to the conical surfaces
of the nozzle at the X-stations indicated in section B. At any given value of X the Pitot and TO profiles

were obtained on opposite sides of the nozzle,

9 The calibretion procedure for the TTP is described in an appendix to the source paper. The authors hive
interpolated the TO data to the Y values of the Pitot data, and PW end TW values to the profile position,

12 The editors have accepted the authors' calibration and interpolation procedures. For one of the profiles

(0101) the data was received in raw form and interpolated by the editors. In data reduction for this
profile the input values of T/TID were assumed, for computing reasons, equal to the measured value of TO/TOO.
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Resulting error is less than 0.13 %. The wall data is presented in normalised form from the tables in
Boldman & Graham (1972), so that the profile wall temperatures do not agree with the values In Section 0.
These differences are caused by seasonal variations in the temperature of the cooling water supply. The

13 two sets of profile data are differentiated by their upstream thermal history. For series 01 the inlet

duct was not cooled, and the flow in this region was near adiabatic. For series 02 a cooled inlet duct

was used, All measurements are taken in the nozzle itself, which is actively cooled. In each series one
14 profile is In the subsonic, convergent, part of the nozzle and three are in the divergent part. The wall

data with the profiles are scaled to the wall temperature of the profile. Full normalised data is given

in section 0.

DATA: 6901 0101-0204. Pitot and To profiles. NX a 4. Heat flux from conduction measurements in the nozile

wall.

15 Editors' comments

This entry is included principally as a challenge for calculation methods. The state of the boundary layer
In the contraction is described, and there is very complete wall temperature and pressure information for
the flow through to the thiee measuring stations in the conical expansion. Series 02 is v4ry similar to

the CW case of Back at &l. (7207 series 01), and series 01 provides an Interesting difference in the

upstream history.

The experiments form part of a continuing study into which many other effects are Introduced - wall rugh-
ness etc. There is a large number of reports concerned with the tests, and the normalisation procedures
vary from one to the next. We believe that the data given with the profiles is appropriate to the test
conditions in each case, but repeat that the extended wall date tables are differently normalised.

Note added in roof. We rmain uncertain of the proper free stream conditions at the first station.
For proae 0 t ch number corresponds to the wall data given in section 0. while for profile 0201
the free stream velocity was taken as stated in figure 7• of NASA TN D-4788. The Mach numbers in the two
cases should be in closa agreemnt, and we have not yet reconciled the conflict. The dimensionless profile
data is not affected by this discrepancy.
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CAT 6.901 1OLD.NIAN BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

Rull MD * Tvi/TR RED2W CF M12 1412K PVJ PD
X * POD* PN/PD* RE02D Co * H32 Ht32K Tw* TO
RZ * TUD* $iq * D2 P12 H42 02K UO TR

o9010101 0.07a9 0.7463 1.2920*t03 NW 0.306 1.2851 2.0594"tob a.059L"+06
-6.3800*-02 2.0684"+Ob 1.0000 1.05137"+03 NC 1.9442 1.9485 4.0080"+02 5.3642"+02
-4.9960"-02 5.370q0"02 0.0000 6.05q?*-05 ;4c 1.1721 5.6663"-05 3.6b57"+01 5.3702"40o

69010102 2.1000 0.8507 4,5980O"03 NM 1.4683 1.4852 2.2bl9*".o 2.2619m,0S
3.1010"'02 2.0664'+46 1.0000 4.2829'+03 1.41970-04 1.8548 1.8400 4.37781+02 2.6746"+02

"-2.59351-02 5.4100"+02 0.0000 5.75450-05 NC 0.9550 b.3224*-05 7.1387"+02 5.14631+0?

69010103 3.7000 0.7107 2.9339"+03 NM 4.7431 1.3428 2.0483"404 2.0483"+04
1.3889"-0l 2.0684"*0b l.O000 6.13930+03 2.4985"-04 1.8371 1.8160 3.538Q9÷02 1.4419'"02

"5.4890-02 5.900÷+02 0.0000 1.3970"-04 NC 0.6055 2.0432"-04 8.908l"÷+02 .9?94",0?

69010104 4.4000 0.6qO4 3.,127*+03 NM S.9197 1.3753 8.10331+03 8.103V+03
2.4179"oO- 2.00b4"+06 1.0000 7.b6571003 2.6476"-O0 1.8280 1.7942 3.1667.T02 1.106)"N02

"-8.2600"-02 S.3900".02 0.0000 2.53sl"-0o4 1C 0.7138 4.2262"-04 9.2790"+02 4.94451402

69010201 0.0307 0,6205 3.72870+03 NM 0.8665 1.1891 2.0•,b1"Ob a.0671"+O6
"-6.3800"-02 2.0684OtOb 1.0000 2.65350+03 NC 1.8670 1.8707 3.35100+02 %.399Y•"02
-•..Q604-02 5.4005"#02 0.0000 3.9400-04 NC 0.657 3.7568M-04 1.4300"+0! 5.4004"011

69010202 2.0000 0.8338 7.93570+03 NM 0.5650 1.3556 2.2619"#05 2.,619"+o5
3.1010"-02 2.06446Ob t.0000 l.0692O+04 1.1293"-04 1ý8859 1.869s 4.2833w÷02 2.J693402

"-2•,•935-02 5.4000"+02 0.0000 9.77000-05 NC 1.3364 1.0231"-Om 7.,32i"O2 5.1308"+02

69010203 3.6000 0.7028 6.19004+03 NM 1.6924 1.2574 2.3SW+04 2.3548"+04
1.3889"-.0 2.0684"*06 1.0000 1.2397,04 2.0291"-04 1.89a3 1.8620 3.5167"+02 1.90b1+92

"5.4890"-02 5.41000*02 0.0000 2.68040-04 NC 1.2653 3.27864-04 8.8S81"+02 5.O040"+O0

69010204 .5000 0.6432 4.30921+03 NM 3.8684 1.3012 7.1469"+03 7.14690+01
2.4179"-01 2.0684*+06 2.0000 1.09974+04 2.4071l-04 1.8718 1.8165 3.1778*+02 1.0473"÷O2
-8.2900*-01 5.3900"#02 0.0000 3.6167'-04 NC 1.120? 5.71?9"-04 9.3212"+02 4.94104"+02

TRAPEZOIDAL RULE FOR ALL INTEGRATION$ - FOR 0201 UO FROM NASA IN 0-4780 FIG.TA
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69010101 BOLDMAM PROFILE TABULATION 22 POINTS, DELTA AT POINT U2

PT2/P P/PD TO/TOO H/DO I U/Un T/TC RH3/RHOD*U/UD

1 0.0000,000 1.0000"+00 NH 0.70331 0.00000 0.00000 0.74624 0.00000
2 2.5400'-05 1.0032*+00 NM 0.80509 0.85537 0.76800 0.861s5 0.95267
3 3.5s6fo-05 1.00360+00 rM 0.81631 0.9n194 0.81500 0.81650 0.99804
4 5.000'-OS 1.00386100 NM 0.83188 0.93187 0.65000 0.83201 1.02162
5 b.3500*-05 1.0040"00 NM 0.84020 0.95454 0.67500 0184029 1,04131
6 7.b600"-05 1.0042*+00 NM 0.84748 0.97761 0.90000 0.84753 1.06191
7 9.14400'-05 1.00421+00 NM 0.85990 0.97915 0.50800 0.85494 1.05545
8 1.01600-04 1.00424+00 NM 0.86611 0.98209 0.91400 0.86615 1,05112
9 I.24o0,-04 t.OOU28+00 NM 0.89405 0.98566 0.93200 0.89408 1.04242

10 t.?780'-04 1.0042*÷00 NM 0.90749 0.9as65 0.93900 0.90752 1.03468
at ,2660*'04 1.0043*00 tiM 0.92923 0.99360 0.95800 0.9292S 1.0309q
1? 3.0480"-04 1.0042t+00 NM 0.9S404 0.98488 0.96200 0,95407 1.00831
t3 3.53600-04 1.00431+00 NM 0.96438 0.96672 0.96900 0.,604 1.00,473
14 4.0640*-04 1.0092"+00 Nm 0.97038 0.98457 0.97000 0.97062 0.99936
OS S.6420"-04 1.00430+00 NM 0.97785 0.99406 0.98300 0.97786 1.00525
16 8.3820*-04 1.0043",00 Nt 0.98404 0.96992 0.98200 0.90407 0.99790
17 1.044"-03 1.00430+00 NM 0.96714 0.98836 0.9A200 0.96717 0.99476
IS 1.1176"-03 t.0043*+00 NM 0.98715 0.99037 0.98400 0.98717 0.9679
19 1.2954"'-03 1.0043"+00 NM 0.96818 0.9885 0.98300 0.09621 0.99473
20 1.5?746*03 1.0043"+00 NM 0.98922 0.99135 0.98600 0.96924 0.99672
21 I.BS42'-03 1.00441+00 tM 0.99131 0.99835 0.99400 0.99131 1.00271

0 22 5.0800'-03 t.00444+00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YfUtUUTO ASSUME T/TD U TO/TOD AND PePO

69010102 BOLDMAN PROFILE TABULATION 25 POINTS# DELTA AT POINT 25

1 PT2/M P/PD TO/TOO MI/ND U/Uo T/To RH0/RHOD*UhID

1 0.00000+00 1.0000'*00 NM 0.80921 0.00000 0.00000 1.922• 2 0.00000
2 3.2000'-0% 2.134"8+00 NH 0.87431 0.52381 0.60291 1.32484 0.45S0
$ 6.2000*-.Q 2.o075•o00 NM 0.88335 0.7143 0.64928 1.29102 0.50292
4 8.80000-05 3.040'W00 NM 0.89090 0.66667 0.73166 1.20456 0.60743
S 1.1300'-04 3.4133'000 NM 0.89834 0.71429 0.77129 1.16596 0.661%0
6 1.6400"-0 .2;1360+00 NM 0.91312 0.80932 0.84479 1.08904 0.771573
I 2.1500o.of S.1415"+00 NM 0.92606 0.90476 0.91022 1.01211 0.59933
5 2.a700-04 1.1414"*00 NM 0.92976 0.90476 0.91204 1.01615 0.09754
9 2.40000-04 5.|4140+00 NM 0.93346 0.90476 0.91385 2.02019 0.69576
10 .5S3000-04 5.64049#00 NM 0.93715 0.9S238 0.94273 0.9798S 0096213
11 2.500'-04 5.1416"0O0 NH 0.94085 0.90476 0.91746 1.02627 0.89294
12 2.7G00*-04 5.1418"+00 NM 0.94455 0.90476 0.91926 1.03231 0.69049
1 2.91000-04 5.141"+Q00 NM 0.94894 0.90476 0.99106 1.03635 0.68875
14 3.04004-04 5.184+'•00 NM 0.95009 0.90476 0.92196 1.03837 0.66789
s5 3.16004-04 5.1416*+00 NM 0.95194 0.90476 0.92205 1.04039 0.68703
16 3.4150•-04 S.6404"+00 NM 0.9S564 0.95238 0.93199 0.99417 0.9S276
17 3.6700'-04 S.d6O4"÷00 NM 0.95933 0.93238 0.95383 1.00304 0.95094
jc 3.92001-04 5.6404•+00 Nm 0.96116 0.93236 0.95474 1.00497 0.95002
19 4.1800"-04 S.64044'00 NM 0.96485 0.9S235 0.93658 1.00684 0.94860
20 4.6900'-04 6.1654"+00 NM 0.97227 1.00000 0.98604 0.97227 1.01416
al 5.19000-04 6.1654•+00 NM n097162 1.00000 0.96858 0.977862 1.01128
A2 5.320"-304 4.1554"t00 NM 0.97967 1.00000 0.98918 0.97967 1.01032
23 1.0270"-03 6.1654+'00 NM 0.99076 1.00000 0.99537 0.99076 1.00465
10 4.6200"-0) 6.1603"00 NM 0.99801 1.00000 0.99908 0.94603 1.00093

O 45 8.6300"-01 6.16'•40+0 NM I.000 21,00000 1.00000 1.00000 1.00008

INPUT VARIABLE8 Yo?0.T1 ASSUME PMPD
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69010103 RULDMAN PROFILE TABULATION 31 POINTS, DELTA AT POINT 31

1 PT2/P P/PO TO/TOD M/mO U/UD T/TC RHO/RHOD*U.'UD

1 0.00000 1.00O0"+00 Nm 0.65657 D.00000 0.0O000 2.45425 0.00000
2 3.ZO0O0-05 2.4075"+00 N" 0.76252 0.32432 0.018247 2.212q7 0.21802
3 4.4000*-05 2.7130+00 NM 0.77365 0.3*5135 0.51054 2.16138 0.23899
4 5.7000*-05 3,04q2"+00 Nm 0.78479 0.37838 0.54929 2.1074Z 0.26065
5 7.0000"-09 3.4133"+00 Nm C.79Q6b 0.40541 0.58003 2.047G4 0.28335
b 8.3000'.05 3.8050"*+00 NP 0.60519 0.43243 0.(10n0 1.9q062 0.30650
7 9.5000.*05 4.2238"+00 NM 0.81633 0.45946 0.63892 1.93373 0.33041
8 1.0S00D-04 4.2238"+00 NM 0.0274b 0.05946 0.64326 1,96010 0.32818
9 1.2|00'-04 4.6095".00 NM 0.34188 0.48649 0.66946 1.89368 0.3S352

10 1.3300-"04 4.6695."00 NM 0.54230 0.48649 0.o7243 1.9101s 0.35196
ti 1.5900o-0o 5.640u"+00 NM 0,85158 0.54054 0.71883 1.76844 0.40647
12 1.5400"-04 5.6404"+00 NM 0.85714 0.54054 0.72117 1.78000 0.4051s
13 1.9700"-04 6.16541+00 NM 0.05900 0.56757 0.74135 1.70613 0.413452
14 2.1000*-04 6.1634"+00 NM 0.8608S 0.56757 0.74215 1.70981 0.43405
15 2.8600"-04 6.71b5"+00 Nk 0.87570 0.59459 0.7b6841 1.66329 0,46104
lb 3.3700*-04 7.2937"+00 tNM 0.88312 0.62162 0.78729 1.60403 0.49082
17 4.3800'-04 7.89b9"900 tiM 0.89610 0.(4865 0.8092b 1.596S2 0.51901
18 7.5600*-04 9.86240+00 NM 0.92393 0.7297' 0.86499 1.40507 0.61562
19 1.0730*-03 1.20h1*,+1 NM 0.90b20 0.81081 0.91.28 1.26317 0.72142
20 1.4030"-03 l.6s*"÷Ol NM 0.9647S 0.86486 0.94074 1.18315 0.79511
21 1.7080"-03 1.5394'+01 NM 0.97774 0.91892 0.96530 1.10350 O.87477
?2 2.0380*-03 1.71l16"*01 NM 0.98887 0.9729T 0.98701 1.02906 0.95914
23 2.3io60-03 1.80950+01 NM 0.99258 1.00000 0.99628 0.99258 1.00373
24 2.030"-03 I.aO9s"+01 NM 0.99629 1.00000 0.99814 0.99629 1.00186
a5 3.0040"-V3 1.8005"+01 NM 0.99629 1.00000 0.94814 O.q9b2q 1.00186b
2b 3.3080"-03 1.S095"÷0! NM 0.99814 1.00000 0.99907 0.99814 1.00093
27 3.6390"-03 1060951+01 NM 0.99814 1.00000 0.99907 0.99814 1.00043
28 3.9560'-03 1.8095"'01 NM 0.99814 1.00000 0.99907 0.90814 1.00093
29 4.2740"-03 1.095"+0l NM 0.99814 1.00000 0.99907 0,9O9' 4 1.00093
30 4.9090-'03 1.8095"+01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

0 31 6.306b0-03 1.00'5"+01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YPTO#M ASSUME PvPD

69010104 BOLDMAN PROFILE TABULATION 25 POINTS, DELTA AT POINT 25

I y PT?/P P/Pb T/O0D 14/Mo U/Uo T/T1 RH(/RHOD*U/UD

1 0.0000"+00 I.0000'*00 NM 0.58751 0.00000 0.00000 2.86237 0.00000
2 3.2000"'-05 1.2755"+00 NM 0.71149 0.13636 0.24569 3.2427 0.07568
3 7.6000-09 1.89z9u$00 NM 0D.74•11 0.22727 0.34150 3.01299 0.13093
4 8.3000'-05 2.7136'"00 NM 0.74583 0.29505 0.48689 2.71574 0.17929
5 1.3300*-00 3.4153"÷00 NM 0.77511 03400 1 0.55030 2.60571 0.21119
6 1.84000-04 4.2210+00 NM 0.79777 0.10636 0.60637 2.146309 0.24618
7 2.3500"-00 5.1418"#00 NM 0.80091 0.43192 0.0326 2.28061 0.20544
8 3.3700"-04 S.6400+÷00 NM 0.82189 0.45455 0.67796 2.22••9 0.30476
1 Q.3800"-0i 6.71h50+00 NM 0.83302 0.50000 0.71803 2.06224 0.34818

10 5.9100"-04 7.2937*+00 NM 0.04787 0.52273 0.74058 2.00719 0.368qb
It 7.1800"-04 I.8969g"00 2JM 0.85714 0.54595 0.75983 1.9400M O.39l5
12 1.0480*-03 9.8624*400 NH 0.87941 0.61364 0.81206 1.74307 0.46479
Is 1.65700-03 1.26840tOl NM 0.91280 0.70495 0.86918 .52016 0.57109
14 2.1910"-03 1.s3s4"+O NN 0.93878 0.77273 0.90806 1.38095 0.60756
15 2.6230-03 1.8095"01 NM 0.91s47 0.84091 0.93841 1.24534 0.75354
to 3.0800-o3 2.00%2"+O ldM 0.96846 0.88636 0.9s76b 1.16733 0.82038
2? 3.6000"-03 2.3179*101 NM 0.9814S 0.95s45 0.98091 1.601 0.92889
t8 3.80400-03 2.3179'"01 NM 0.98st6 0.95455 0.98277 1.06000 0.92714
19 .04S0a-03 2.?2 73 440 1 jM 0.96887 0.97?7!7 0.98965 1.02549 0.96501
20 4.24800-03 a.42130*01 NM 0.99072 0.97727 0.99018 1.02742 0.96415
21 4.4010'0Q3 .53930*01 NM 0,99256 1.00000 0.99628 0.992s8 1.00373
22 4.5200"-03 2.3930+01 NM 0.99f28 1.00000 0.99628 0.99258 1.00373
21 4.6550*-03 2.%39301O NN 0.99258 2.00000 0.99628 0.99258 1.00373
24 5 .0100*-03 2.S393*+01 NN 0.99403 1.00000 0.99721 0.99443 1.00279

O AS 1.2273*-02 z.s393*+90 NN: 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIA9OLE Y.TOl ASSUME PmPD
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69010201 BOLDMAN PROFILE TABULATION 22 POINTS, DELTA Ar POINT 22

I Y P72/P P/PD TO/TOD IW/!1O U/UD T/TD PHO/RHGD*U/UO

I 0.000O)0Von 1.000"+00 NM 0.c2038 0.00000 0.00000 0.62050 n.00000
2 I.4040"..05 1.00031+00 NM 0.74035 o.bq264 o.sQbOl 0.74015 0.80493
3 11.b00"-05 1.00031+00 NM 0.88039 0.72809 0.68551 0.88647 0.77331
4 1.8000"-05 1.O000"O00 NM 0.89100 0.75916 0.71662 0.89108 0.80a22
5 I.Q2000-04 1.O01OJ"00 NM 0.89076 0.77104 0.730q9 0.89883 0.81327
A 2.0600"-04 1o000"O+00 NM 0.90595 0.78802 0.75008 0.90602 0.82788
7 3.6600o-04 1.0004•+00 NM 0.92228 O.B1331 0.78109 0.92233 0.84#8b
a 5.2600"-04 1.0005"+00 NM 0.93433 0.835014 0.807t8 0.91438 0.86387
9 8.'600"-94 1.00151+00 NM 0.95137 0.06525 0.84400 0.95142 0.88709
10 1.1660"-03 1.0005"+00 NM 0.96314 0.88778 0.87129 0.96318 0.90459
11 1.4860"-03 I.0OOS'+00 NM 0.97247 0.90430 0.a9I78 0.97250 0.91699
12 1.80W0-03 1.0006"+00 NM 0.97973 0.91967 0.91031 0.97976 0.92912
13 2.1260"-03 1.00064,00 NM 0.98491 0.93145 0.92,4111 0.984q3 0.93855
14 2.44bO"-03 1.0006"+00 NM 0.98857 0.94ý26 0.93687 0.98859 0.94768
15 2.7660"-03 1.000o"÷00 NM 0.99138 0.95158 0.91474 0.99139 0.95570
I6 3.4060"-03 1.000b"+O0 NM 0.99539 0.96539 0.96317 0.99541 0.96762
17 o.0bb0•-03 I.o00bo÷0o NM 0,99758 0.97582 0.974h? 0.99759 0.97700
18 4.6860"-03 1.0006•'00 NM 0.99869 0.98324 0.98261 0.99870 0.98388
19 S.3260"-03 1.000b"s00 NM 0,94900 0.98956 0.98907 0.999A0 0.99006
20 5.9660"-03 1.0006"+00 NM 0.99936 0.99244 0.99213 0.94436 0.99Ž76
21 7.21•0-0I3 1.0007"÷00 NM 1.00000 0.99766 0.99764 1.00000 0.99766

0 22 8.52601-03 1.0007"*00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YOU/UETO ASSUME T/Tb o TO/TOO AND PzPD

69010202 8OLDMAN PROFILE TABULATION 37 POINTS, DELTA AT POINT 37

I y PT2/P P/PD TO/TOD 11/I10 U/UD 7/T! RHO/RHOD*U/UD

1 0.00000+00 1.0000"+00 NM 0.79320 0.00000 0.000O 1.49261 0.00000
2 S.2000"-05 1.8929"+00 NM 0.87037 0.47b19 0.55635 1.36503 0.40758
3 1.0300"o04 3.0492"+00 Nm 0.07593 0.66b67 0.72549 1.18426 0.61260
4 1.1600"'-0 3.0492"+00 tIm 0.87778 O.b6bb7 0.7?o2b 1.18677 0.61192
5 L.4100"-04 3.41330+00 NM 0.88148 0.7142a 0.76402 1.114410 0.bb779
b 1.5400"-04 3.B0so"+00 rm 0.88333 0.76190 0.79891 1.09909 0.72662
7 2.0400"-04 o.2238"*00 ;W 0.89074 0.80952 0.63458 1.06234 0.78541
a 2.2700"-04 i.6oai"100 NM 0.80630 0.85714 U.06711 1.02356 0.847ý2
9 2.5500"-04 S.14181"OO rim 0.90370 000476 0.89917 0.;8767 0.91119
10 2.%00"-U4 5.1t418'"nO Nm 0.D0556 0.90476 0.90009 0.9A970 0.90946
11 2.8100"-04 5.6940',4÷00 NM 0.91111 0.95238 0.92954 0.95262 0.97518
12 3.1100"-04 5.6404"+00 NM 0.9162 0.95238 0.93331 0.96036 0.97184
1! 3.1600"-04 5.640"1t00 NM 0.9Z037 O.Q9538 0.9342U 0.96Ž30 0.9708o
14 3.2100"-04 5.6404"00 NiM 0.92222 0.9S238 0.93519 0.96423 0.969M8
15 3.2600'-04 S.6404"OO0 NM 0.9Z407 0.952A8 0.93013 0.96bt7 0.96891
lb 1.3700"-04 5.6404"tO0 14h 0.92593 0.95238 0.93707 0.06811 0.96794
17 3.4400*-04 S.6404'"Oo Jim 0.92778 0.9S238 0.93801 0.9700U 0.96*97
18 3.4400"'04 S.64014*00 4iM 0.92776 0.9S238 0.91801 0.97004 0.96697
19 3.52o00-04 S.6404'400 NM 0.92778 0.9s238 0.93501 0.97n04 0.9bb97
20 S.5700*'04 5.640o"#00 NM 0.92963 0.95238 0.93894 0.97198 0.96601
21 1.67000-04 5.6404"÷00 N 0.93148 0.95238 0.93985 O.Q739? 0.96505
22 3.7200"-04 5.6100+00 NM 0.93148 0.9s238 0.9q986 0.97342 0.96505
23 3.9100"-0 5,6404*400 NM 0.93704 0.95238 0.94268 0.97q9a 0.96219
24 4.3300*-04 5.6404"400 NM 0.94074 0.91238 0.94454 0.98360 0.96029
23 4.5400*-04 b.1654"+00 NM 0.94259 1.00000 0.97057 0.942sq 1.03000
2h 4.6400"-34 6.1A50l"O0 Nm 0.94444 1.00000 0.97103 0.94444 1.02899
27 5.000'-04 b.1654"+00 NM 0.94b30 1.00000 0.97278 0.90630 1.02798
28 S.3550",-0 b.t6S4•"00 NM 0.90U15 1.00000 0.97373 0.944I5 1.o06qa
29 5.8500,-0' 6.16S4O+00 NM 0.95400 1.00000 0.974b$ 0.95000 1.02598
30 7.12W0"-04 6.1654"04* NM 0.95370 1.00000 0.97658 0.95370 1.02398
$1 8.3900"-04 6,tb54"+00 Nm 0.95741 1.00000 0.97847 0.95741 1.02200
12 2.1090'-03 4.16Wtb 00 NM 0.97407 1.00000 0.98605 0.97407 1.01322
13 3.3790"-03 6.1654"+00 NM 0.98519 1.00000 0.gq9Žb 0.98519 1.00749
14 4.b4941"-03 6.tb54"+0 NM 0.994q44 1.00000 0.9Q722 0.994UQ 1.00279
35 5.9190"-u3 6.1654"+00 NM 1.00000 1.00010 1.00000 1.00040 1.00000
Ab 7.1490"-03 6.1654• 00 NM 1.00000 1.u0000 1.00000 1.004100 1.o0000

0 37 7.8240"-03 6.1454"+00 NM ).00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIAOLLS Y110.1, ASSUME PxPO



69010203 BOLDMAN PROFILE TABULATION 32 POINTS, UELTA AT POINT 32

I PT2/P P/PO TO/TOD M/mD U/UD T7/1 RHO/RHOD*U/U

1 O.0000"*00 1.3000"÷00 NM 0.65004 0.00000 0.00000 2.33493 0.00000
2 3.2000"-05 2.1328"+00 NM 0.78189 0.30556 0.45998 2.26130 0.20319
3 1.0800"-09l 3.4133'÷00 NM 0.611Mb 0.4lb67 0.59075 2.01018 0.29388
4 1.3300"-04 4.2238"+00 NM 0.82070 0.47222 O.U14541J 1.86816 0.3454q
5 1.o•O0"-04 4.6695"+00 Nm U.82625 0.50000 0.67099 1.80090 0.37258
6 2.1000".04S S.W04"+00 NM 0.83734 0.55596 0.718111 1,O70qb 0.42978
7 2.bO00"-04 6.1654"+00 tIM 0.8465$ 0.58333 0.7f14s0 1.61579 0.45891
8 3.1i00o-04 6.7165"+00 NM 0.85582 0.61121 0.76378 1.56205 0.05896
9 4.1300"-04 7.2937"+00 NM 0.86691 0.63889 0.78588 1.51310 0.51939
10 li.bO00"-04 7.?937"+00 tiM 0.872M6 0.638)9 0.78839 1.52;77 0.51773
21 5.Q000"-04 7.8969"400 NM 0.87616 0.6667 0.80621 1.96243 0.55128
k2 b.6700"-U4 9.8t13m+no NM 0.60540 0.72222 0.839M3 1.35219 0.62109
13 7.9400"-0D4 9.8624"+00 NM 0.89464 0.75000 0.8575c 1.30738 0.65593
14 1.0400"-03 l.1302"+OI NM 0.90943 0.0556 0.85903 1.217q9 0.72992
15 1.1750"-03 1.2061"*01 NM 0.91067 0.83333 0.90466 1.17852 0.76763
26 1.3020"-03 .2846"+n1 NM 0.92421 0.86111 0.91785 1.13613 0.80788
17 1.3780"-03 1.3640+01 NM 0.92791 0.88889 0.929S3 1.09352 0.85003
18 1.55b0"-03 1.4492"÷O! NM 0.93715 0.91b7 0.94343 1.05924 0.89067
19 1.7890"-03 I.S354"tOI NM 0.94b40 0.94444 0.996t3 1.02640 0.93222
20 1.9370"-03 1.6242"+01 NM 0.95009 0.97a22 0.966q( 0.98q9O 0.97752
21 2.0640"-03 1.6242"+01 NM 0.95194 0.97222 0.96790 0.99112 0.97bS7
22 2.2160"-03 1.7156"+01 Nl .0,9537q 1.00000 0.97662 0.95379 1.02394
23 ?.3100"-03 1.7156"+01 NM 0.95564 1.00000 0.97757 0.95564 1.02295
24 2.4190"-03 1.719c"+01 NM 0.95564 1.00000 0.977S7 0.95564 1.02295
25 2.4560"-03 1.7156"+01 NM 0.95749 1.00000 0.97851 0.95749 1.02196
26 2,5720"-03 1.7150÷01 NM 0.957o9 1.00000 u.97851 0.95749 1.020Q0
27 2.8260"-03 1.715b"+01 NM 0.95933 1.00000 0.97146 0.95933 1.0o097
2e 3.5560"-03 t.7150"+01 NM 0.96303 1.00000 0.98134 0.96301 1.01901
29 4.3500J-03 .7I561+0l NM 0.96673 1.00000 0.98322 0.96673 1.01706
30 6.3820*-03 t.7156"+0 NM 0.97597 1.00000 0.98791 0.97597 1.01224
31 l.1970"-02 .7156"t01 NM 0.99630 1.00000 0.99815 0.99630 1.00185

D 32 1.0796"-02 1.715o"+01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YTO.N ASSUME PXPD

69010204 BOLDMAN 'ROFILE TABULATION 31 POINTS. DELTA AT POINT 31

I y PT2/P P/PD TO/TOO M/1-.I U/UO T/T7 RHO/RItOU*U/UD

1 0.0000"+00 1.0000"N00 NM 0.58957 0.00000 0.00000 2.97735 0.00000
2 3.2000"-0S 1.6913"+00 NM 0.74212 0.20000 0.35918 3.22520 0.11137
3 1,0800"-04 3.0492"+00 NM 0.77180 0.31111 0.52059 2.79999 0.18592
9 2.6000"-04 4.6695"O00 NM 0.81262 0.40000 0.03120 2.49012 0.25138
5 3.6200"-04 S.640g*O00 NM 0.82560 0.49444 0.67641 2.3t627 0.29203
6 5.1I0O0.-04 6.7165"+00 NM 0.83859 0.98889 017171b 2.15187 0.33327
7 9.2100"-04 8.5261'+00 liM 0.86271 0.55556 0.77306 1.93630 0.39925
8 1.5810".03 l.2061*+01 NM 0.89239 0.66667 0.84577 1.60950 0.52549
9 2.1400"-03 |.5350"+01 NM 0.91466 0.7S5Sb 0.89227 1.34•63 0.63979

10 2.b4800-03 1.8095"÷O0 NM 0.93135 0.82222 0.92230 1.25825 0.73300
11 S.1560"-03 2.1068]"0+ NM 0.94620 0.88089 0.94811 1.13769 0.83337
12 3.3S90"-03 2.21tl+401 NM 0.94991 0.91111 0.95547 1.09973 0.86082
23 3.0130"-03 2.3179"+01 NM 0.9S 7 0.93333 0.96347 1.06562 0.90414
14 3.8670*-03 2.4273't01 NM 0.95918 0.95556 0.97028 1.03105 0.94106
15 4.0700"o03 a.5393*÷01 NM 0.96104 0.97778 0.9759 0.99615 0.97967
16 4.3240"-03 2.5393Ot01 NM 0.96289 0.97778 0.97614 0.09807 0.97812
17 4.4770'-03 2.53935+01 NM 0.96415 0.97778 0.97778 1.00000 0.97778
18 4.6800'-03 2.6539"÷01 NM 0.96475 1.00000 0.98222 0.96475 1.01801
19 4.93401-03 2.6539*+01 NM 0.96475 1.00000 0.96222 0.96475 1.01811
20 5.0360"-03 2.6539*+01 NM 0.96475 1.00000 0.98?22 0.96475 1.01811
21 S.1880'-03 2.6539"+01 NM 0.96660 1.00000 0.98316 0.96660 1,01713
22 5.6960"-03 2.6539"÷01 NM 0.96660 1.00000 0.9831b 0.96660 l.u17t3
23 6.2040"-03 2.6539*+01 NM 0.96846 1.00000 0.98410 0.96846 1.01615
24 6.4560"-03 2.6539"#01 NM 0.97032 1.00000 0.98505 0.97032 1.02SI8
25 7.9820"-03 2.6S39"÷01 NM 0.97403 1.00000 0.98693 0.7403 1.01325
2b 9.5060"-03 2.65390+01 NM 0.97774 1.00000 0.98851 0.97774 1.01132
27 1.0116"-02 2.6539"+0I lNM 0.97959 1.00000 0.98974 0,97999 1.01036
28 1.23000-02 2.65390+01 NM 0.98701 2.00000 0.99349 0.98701 1.00656
29 1.6110 t 02 .653q9u01 NM 0.99443 2.00000 0.99721 0.99443 1.00279
30 1.8650*-02 2.6539M÷01 NM 0.99814 1.00000 0.99907 0.99814 1.00093

D 31 2.1952"-02 a.6539"*02 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y*T0.M ASSUHE PmPO



SECTION 0: AODITIONAL DATA - WALL PRESSURE, TEMPERATURE ANP HEAT TRANSFER.

From BoldSan & Graham (1972).

STATIONS X Diameter IW/POD M4 Series 01 Series 02
PROFILE AUTHOR'S mm TW1 h TW h
CAT 6901 NUMBER (AXIAL) m EXPFRIMENTAL K1 2 1

K kg/m s K kg/rn s

2 - 114.68 158.75 0.99946 0.02778 406.6 0.717 376.2 0.448

3 - 89. e8 129.34 0.99847 0.04667 415.7 0.823 389.3 0.598

XXO1 - 63.80 99.92 0.99565 0.07894 446.6 1.294 419.6 0.970
5 - 54.81 89.61 0.99325 0.09841 449.4 1.455 423.8 1.097
6 - 46.02 79.45 0.98887 0.12655 448.1 1.638 427.7 1.174
7 - 37.08 E9.14 0.9804 0.16840 454.8 1.891 434.6 1.336
8 - 28.19 58.83 0.9624 0.23463 463.9 2.390 444.4 1.715
9 - 16.57 44.70 0.8399 0.50553 479.5 3.122 456.9 2.088

10 - 4.55 38.35 0.5733 0.92813 481.0 3.382 457.3 2,348
THROAT 11 0 37.90 0.4600 1.11446 478.8 3.347 457.7 2.299

12 3.30 38.15 0.3733 1.27507 468.9 2.587 445,9 1.828
13 6.48 39.12 0.2785 1.48469 459.8 2.383 441.3 1.701
14 9.96 40.74 0.2084 1.68125 451.7 2.229 436,7 1.708
15 16.10 43.99 0.1820 1.77070 462.5 2.299 434.5 1.610

XX02 16 31.01 51.87 0.1126 2.08183 444.2 1.955 424.8 1.399
17 69.49 72.59 0.0375 2.78852 411.0 0.970 397.8 0.893

XX03 18 138.89 109.78 0.0094 3.73770 365.8 0.412 350.5 0.356
19 208.31 147.12 0.0038 4.42415 330.0 0.214 321.6 0.193

XX04 19, 241.79 165.19 0.0027 4.70038 - -

20 280.21 185.93 0.0024 4.7980 321.6 0.174 316.7 0.141

NOTES:

a) All date have been nomalised to the reservoir conditions:

PC - 2.068 M/m TO a 639 K.

.) The wall temperatures given here were taken over a period of time, and do not necessarily match

the values given with the profiles. The shape of the distribution and tha variation and values of the
enthelpy heat transfer coefficient should. however, be representative,

c) The heat transfer coefficient hI is defined as

hi" q /f(ad - i.

where q - heat flux rate / unit area

i - enthalpy of fluid

ad - at recovery temperature
w - at wall tmperature



:Approximaty 1.4 rising to 3 6902
R THETA X 10"3 : 4 - 2

TW/TR 1 AW
FPG- A-

Continuous running tunnel with a single block half-nozzle. W - 80 mm.
PO : 0.1 MN/m 2 . TO : 300 K. Air. RE/m X 10i 6 : 10 - 15.

MICHEL R., QUEMARD C. and ELENA M-P., 1969. Distributions de vitesses des couches limites turbulentes
en icoulement compressible. uniform ou accflf'l6. La Recherche Akrospatiale no 128, 33-47.
And Michel R., private communication.

I The test boundary layer was formed on a straight wall ( W - 80 mm ) opposite a rigid nozzle block. Three
tests were ,•ade. For series 01 the throat height was 35 mm and the flow expanded to the nozzle design Mach
number of 1.4. The nominally uniform flow is then accelerated by expansion waves originating from a
convex circular arc continuation (radius 182 on) of the upper surface of the nozzle. For the second test

the circular arc was replaced by a sharp corner turuing the flow through 210, For the third, the sharp
co'ner was retained but the flat surface was closer to the nozzle block so that the throat height was
reduced to 20 mma giving a nominal (one-dimensional) Mach number of 1.65 Just before the expansion. The
test area on the flat wall extended from X v - 19 to X • 120 mm, in all cases including an initial constant

4 pressure region before entering (X - 0) the reflected wave expansion. The tests were complete upstream of
ary secono reflection of the expansion.

6 Static pressure (tapping diameter 0.6 mm) could be measured at 10 mnm intervals along the flat test surface.
7 The wall "was adiabatic" but no measurements of temperature were made. Pitot profiles were obtained with
9 an FPP (hI - 0.18, h2 - 0.08, b, - 2 m) And the data was reduced assuming no normal pressure gradient

and a modified Crocco relationship (Michel, 1963) for the total temperature, with a recovery factor of
0.9. For each case at least two profiles out of a total of 12 were taken in the flow upstream of the

12 expansion. the editors have assumed that the flow was adiabatic and applied the usual Crocco-Van Driest
temperature velocity relationship with a recovery factor of 0.896.

§ DATA: 6902 0101-0313. Pitot profiles. NX 12, ).3.

15 Editors' comments

These testU were performed at relatively low Reynolds number, and the profiles downstream of the fourth
station almost certainly display marked re-laminarisation characteristics. Comparisons are not possible,
the most nearly matched available data (Pasiuk et el. - CAT 6504, Thomas - CAT 7401) being at much higher
Reynolds number.

The expansion was applied as a roflected wave so that normal pressure gradient effects should be small

except at the start, near X - 0. The author writes that "result3 from regions where a normal pressure
gradient could be noticed have not been retained".

The physical scale of the equipment Is small, and measurements do not extend within the momentum deficit

peak, so that integral values should be treated with reserve.



CAT 6902 MICHLL BOUNDIRY CONUITIONS AND EVALUATEU DATA. 81 UNITS.

RUN MD it TW/T* 14(02W CF 12 1112K PW PD
X * PO0* PW/PD* RED20 c0 H32 H32K Tw TO
RZ TOO* 3W * D2 P12 H42 DK tJD TR

69020|01 1.3,Oo0 1.0000 P.59o81o3 N4 2.1978 1.4n30 3.1942'+04 3.199 "*04
-7,0000"-03 1.0023:$*o 1.00o0 3.290f't03 -4M 1.7916 1.7850 2.8839"+02 2.1422"*02

NFTMIhF ?.9700,+02 0,0000 2.1960q-04- NI 0.0$19 2.4702"-04 4.0790'+02 2.6839"+02

6902010? 1.0420 1.0000 2.7192"÷03 NIA 2.1949 1.3534 3.0082ap"u 3.00 ."?wUl
1.2600"-0? 1.0160"0OS 2.0000 3.5121"÷03 flM 1.8130 1.8071 2.8S990*o? 2.0835"+02
INFINITF 2.%50O"÷ 0 2  0.0000 2.3125"-04 14m O.OS54 2.S94q"-04 4.1732"+02 2.8599"+0?

69020103 I.500 1.0000 2.4082*+03 NI' 2.2409 1.3379 2.7172"+04 2.7172"÷0u
1.8000"-02 9.9750'+04 1.0000 3.16420#03 14M 1.6242 1.8183 2.922÷"+02 2.0828N+02
INFINITE ).0200"4o+ 0.0000 2.?162"-04 tNi 0.0589 2.49371-0 4.3403it02 2.9225"+02

69020104 1.5700 1.0000 7.2515s03 fNI 2.3154 1.3313 2.4401q+04 2.4401"0+0
2.4000'-02 9.0220*.04 1.0000 3.0301"+03 Nri 1.6319 1.8254 2.8680"+02 1.9893"+02
INFINITE 2.9700*t02 0.0000 2.in31"-0o4 '" 0.0629 2.4022"-04 4.439•B•02 2.8680".02

6902010i 1.6150 1.0000 2.1938"03 :jM 2.3590 1.3226 2.2990*04 2.2998*t04
2.8500B-02 9.9750"+00 1.0000 2.0973"+03 Np 1.8385 1.8315 2.86641+02 1.9518"+02
1NFINI1T 2.9700,o02 0.0000 2.111,".-04 .4 0.0655 2.3940"-04 4.5236"#02 2.864t1"02

69020106 1.7000 1.0000 2.0o26"÷03 NM 2.4475 1.3083 .9S00,*0 1.9804".00
3.9000"-02 9.7750"SO0 l.OuO0 2.9010"+03 N" 1.8490 1.50•0 2.01N69'02 1.86210+02
INFINITE 2.9700"s02 0.0000 2.1463"-04 ;;" 0.0704 2.4443"-04 4.6761*+02 2.8569"+02

bq020107 1.7700 1.01)00 1.9762"+13 N' 2.5425 1.3076 1.8247"*00 1.82470+04
4.7500"-02 1.0015"#05 1.0000 2.84940"+03 Nm 1.6494 1.8409 2.83661+02 1.8167"+02
INFINITE 2.9550"102 0.0000 e.0^143-04 NI' 0.0701 2.4093"-04 4.7833"4+02 2.8366"+02

O690201MP ,83S0 1.0000 1.9779'+03 NM 2.60411 1.2481 ,6005""0d4 1.6405".04
5.11000"-02 9.9450"#04 1.0000 2.9173"0÷03 NM 1.8600 1.8509 2.8657"+02 1.7748*#02
1NFrittf 2,9700"*02 0.0000 262U '.-04 NN 0.0778 2.5645"-04 4.9014",02 2.8057"t0•2

06020109 t.9400 1.0000 1.4636"603 N' M.7517 1.2826 1.M068".04 1.406a"+04
7.0000"-02 1.0028"+05 1.0000 3.00W+'.03 iN 1,8614 1.8507 2.8373*#02 1.69453'02
INFINITE 2.9700"fn2 0.0000 2.3790W-04 W' 0.0831 2.77491-04 5.0633"+02 2.8373"+02

6902011A 2.0500 1.0000 1.81850*03 NO 3.0087 1.3422 1.1793"004 1.1793"sV4
5.600000? 9 0.9750"+04 1.0000 2.9016't03 NM 1.8383 1.8206 2.8289"+02 1.61370#02
INFINITE 201700"#02 0.0000 2.d1213.l04 'J?4 0.0873 2.9302"-04 5.2212*4-02 2.8280#"02

6qD?0111 2.450 1.0000 1.11178'03 NfA 3.0669 1.2776 1.00864+04 1.0086",00
1.0000"-01 9.8950"+04 t.0000 3.00606t03 tim 1.8652 1.8511 2.0220"÷02 1.5470102
INFTNITE 2 .9 7 0 0"+ 0 2  0.0000 2.6430"-04 NP 0.0930 3,1633"-04 5.3486"+02 2.8220'+02

6902•011? 2.2600 1.0000 1.68110"+03 Nm 3.2772 1.2856 0.4756"403 8.4756"603
1.1600"-01 9.9550"*04 t.0000 2.9171,*03 VI 1.8612 1.8152 2.S139*+02 1.4692"+02
InFINI![ 2.9700"+02 0.0000 2.69621-04 NM 0.0978 3.3006"-04 5.4923"+02 2.8139"+02

A



6902-11-2

CAT 6902 rIICHLL BOUNDIRY CONDITIONS AND EVALUATED DATA. S1 UITTS.

RUN, Mo TV./TR* RE02W CF M12 H 12K PW PD
x * P0OD PwIPO* REODI CO H32 H12K 1 TO
RZ TOID Sd k 02 PIZ 142 D2K UD TR

09020201 1.3800 1.0000 2.8033"+03 N" 2.218c 1.4297 3.2725"+09 3.27251+04
-1.9000"-02 1.0;26"+05 1.0000 3.54q2+03 tip 1.7900 1.7841 2.89`15"402 2.1580"fn2
INFIN1TE 2.9800*+02 0.0000 2.3524"-04 I*M 0.0511 2.4J4411"-04 4.0646"+02 2.6945'402

69020202 1.3800 1.0000 2.8960"+03 N' 2.2Uq1 1.11214 1.0%5q"B0s 3.20587O04
-b.000"-03 1.0012"#05 1.0000 3.66100+03 NM 1.7874 1.7809 2.9b171#02 2.1754"+02

I11FINITE 3.0040*+02 0.000 2.4530"-04 NW1 0.0o30 2o.9S3a-U4 4.0809*#02 a.976q00,,

69020204 1.4200 1.0000 ?.9331s 03 Jq 2.2013 1.3758 3.0587"+04 3.S527"+04
6.5000-03 1.00121+05 1.0000 3.757?0+03 NM 1.1965 1.7904 2.°be"F02 1..7493"402
INFINITE 3.0520"+02 0.0000 P.6L6b*-04 qm 0.033 2.1510*-04 4.1877".02 2.96W+"*02

69020205 1.6200 1.0000 Z.3391"+03 N' 2.3461 1.3082 2.Zb39'*04 2.2639"-04
2.00000.-02 9.992S'tO4 1.0000 3.2027'+03 NP 1.0460 0.8493 2.b,444402 1.9346"+02
INFINITE 2.9500"#12 0.0000 2.25760'-04 01 0.031 2.55D03-04 4.5177"+02 2.84q40+02

69020205 1.7500 1.0000 1.8969"+03 NI 2.S2#j 1.3100 1.5781*+04 1.8781"+04
2.7000'-02 9.9992#0O4 1.0000 2.7079"+03 NM 1.0672 1.8493 6.9449"+02 1.9(14"+02
INFINITE 3.0660"+12 0.0000 2.06087-04 Nm 0.0734 2.3720'-0I4 4.838?"0e 2.9449'+02

69020?06 1.0500 1.0000 1.73410*03 NP 2.645b 1.3074 |.6075*+04 I.bO?SM*04
3.4000"-0? 9.9125"#04 1.0000 2.56510+03 NM 1.8632 1.8527 2.9269"402 1.8|42"+02

69020207 1.8900 1.0000 .7b301*03 rim 2.6583 1.2932 1.501$*+04 1.50314+04
3.70001-02 9.9192"t04 1.0000 2.6849"+03 11M 1.8695 1.8602 2.8126"+0? 1.7149"+0?
INFINITE 2.9400*+02 0.000 2.0730'-04 rM 0.080b 2.3833"-06 4.9623"÷UP 2.6126"+02

69020208 2.0500 1.0000 .64S57"*03 lM 2.9041 1.280, 1.1885"+04 1.18865*04
4.8000*-02 1.00524+05 1.0060 2.61785403 11M 1.8795 1.8672 2.9tb6'40P 1.6637"+02
INFINITE 3.62•0'*02 0.0000 2.26090-04 (41 0.0890 2.6267"7-fl' 5.3015"÷02 2.9QO6"+U2

6902020q 2.1000 1.0000 1.535Pss03 NV 3.1200 1.2912 q.6873'*U3 9.6873-403
$.8000"-02 1.0039"+05 1.0000 2.5646"+03 NM 1.87S9 1.8589 2.0011"*402 1.5668"02
INFINITE 3.15600"02 0.0000 2.35184-04 rim 0.0948 2.7882"-04 5.4711"402 2.9011"02

09020210 2.2900 1.0000 1.444'5+03 NM 3.2955 1.2761 8.1227"#03 8.1227"#03
6.7000"-02 9.99912*04 1.0000 2.51730+03 NM 1.6814 1.0638 2.80116,02 1.4852"t02
INFINITE 3.0430"+02 0.0000 2.436*-04 NN 0.0998 J.9105"-04 S.595b"+02 2.6810M+02

69020211 2.3800 1.0000 1.4313"+03 Nm 3.4493 1.2740 7.04b9"+03 7.04b69m03
7.6500"-02 9.98583504 1.0000 2.57950+03 m 1.65864 1.6685 2.8905"+02 1.4385'002
INFINITV 3.0650*÷02 0.0000 2.64330-04 Nim 0.1038 3.1019"-04 S.7Ž31"f02 2.895W0?

b9020212 2.S600 1.0000 1.3537? ÷03 riM 3.8321 1.2951 %.i2l8 "+II 5.3208"+03
9.9000"-02 q.9792'404 1.0000 2.61600+03 tNM 1.8735 1.8500 2.68W+"02 1.32160+02
I INFINITE 3.0700'#02 0.0000 2.q508"-04 NjM 0.1101 3.71l".-04 5.91b•÷•02 2.88l9".0l



6902-H-3

CAI 6902 MIICHLL BOUNOARY CONDITIONS AND LVALUATED DATA. 31 UM.TS.

RUN MO, T,/TP* REO2w CF H112 iI2K PW PD
X P00* PVI/PD* RED2D Co H1? H32K TW ID
RZ TOO* 34 * 02 Pt2 H42 D2K UD TR

69020301 1.5400 1.0000 2.p3?7'+03 NP 2.3915 1.4121 2.5844'"+04 2.5q44L"i0
-1.3000"-02 1.O05*"#05 1.0000 2.q7351+03 W 1.7679 1.7103 2.895m"+L2 2.0321'+02
NFINITE 2.9960"*0n2 0.0000 2.0037"-04 NP 0.0598 2.3846'-04 4.4015+002 2.8958'+02

6902030? 1.5450 1.0000 2.2Q29"+03 lIp 2.3532 i.3774 2.5308"+04 2.5308"Uu4
-3.0000*-93 9.9200,*04 1.0000 3.06170+03 "IN 1.6005 1.7094 2.B51PA.u2 1.99741402

INFINITE 2-9510"+n2 0.0000 2.1134"-04 ,1' 0.06m, 2.42$qw-04 4.3700"+02 2.8518"102

69020303 1.7450 1.0000 1.7612"+03 lAM 2.5625 1.3473 1.9043"+011 1.9043*404
i.OO.-02 1.0062*÷05 1.0000 2.5115+.03 NM 1.6343 1.0251 2.92034+02 1.a•.90",0
ZNFTNITE 3.0400"+02 0.0000 1.6924"-04 .m 0.07? 2.10340-04 4.8091"#02 2.9203"+u2

b902030 1.9300 1.0000 1.6487"+03 NP 2.7565 1.2992 1.4003"+04 1.4083"+00
1.90000-02 9.805001+04 1.0000 2.5180"+03 tim 1.bII1 1.8513 2.6228"+02 i.69290102
INFINITE 2.540*+02 0.0000 1.9965-14 '-• m 0.0626 2.3269"-04 5.03174402 2.82260#02

69020305 2.1150 1.0000 1.3686603 4NM 3.0572 1.3129 1.0561"+04 1.0561+0U4
2.7500"-0? 9.86T0t04 1.0000 2.23691#03 NM 1.8655 1.5O04 2.6146*+0?2 15623"*02
INFiNntE 2.9b00o"02 0.0000 1.9333'-0'4 NM 0.0916 2.3001"-04 5.30030+02 2.81466*02

69020306 ?.2350 1.0000 1.3097.03 um 3.2800 1.3311 0.86070+03 6.8607*+03
3.4000"-02 t.0000"t0S 1.0000 2.2445.÷03 NM 1.8690 1.8442 2.76100÷6? 1.14671002
INFINITE 2.9340"4,02 0.0000 2.0037*-04 14M 0.0964 201219"-04 5.4280"002 2.761S*02

69020307 2.3500 1.0000 14140'003 JIM 3.4714 1.3234 7.3920'÷03 7.3920'+03
4.0000".02 9.9950"t04 1.0000 2.17174+03 NP 1.8640 1.8459 2.8069"+02 1.4108"+02
INFINITE 2.9690",02 0.0000 2.0906*.04 NM 0.1020 2.5637"-'14 5.5q961402 2.80691+02

69020300 2.4600 1.0000 1.086b*+03 WM 3.6778 1.3329 6.23580+03 6.25860+03
4.6000"-02 1.001bOSt5 1.0000 2.6247"÷03 NM 1.8761 1.8siS 2.8026*÷02 1.3446*+02
INFINITE 2.9720"f02 0.0000 2.0bL1I-04 t41 0.1068 2.501"-04 5.71931÷02 2.6o200+02

60020309 2.54s0 1.0000 1.0235+03 t4M 3.7990 1.3030 5.49020+03 S.1491o"03
5.1000"-02 1.0060.0o5 1.0000 1.9736"+03 NM 1.8616 1.8551 9.14"*02 1.3026++02
INFINITE 2.9900*÷02 0.0000 2.1102-04 NM 0.1104 2.6157-144 S.82310#02 2.014S1+02

69020310 1.6300 1.0000 9.566SQ÷02 NM 4.0270 1.3500 4.S054**÷3 4.6050"403
5.60000-02 1.004o+o05 1.0000 1.90170 03 Nim 1.87714 1.809 2.66590+07 1.2797?'01
INFINITE 3.0300.+02 0.0000 2.1920'-04 NPI 0.1133 2.7600"o04 5.9b51"+Q2 2.6650"+02

69020311 2.7250 1.0000 9.11274#02 NM 4.1056 1.3062 OA.16I3"+03 4.1613"÷03
6.25000-02 1.0068"+05 1.0000 1.66185+03 rAm 1.8613 1.6539 2.6464"+02 1.2Z13o,02
INFINITE 3.0300+02 0.0000 2.2o614-04 IIM 0.1169 2.8614"-04 6.0376"+02 2.646e0402

6902031p 2.000 1.0000 8.63040+02 NM 4.3207 1.3062 3.6996",03 3.,996÷03
6.1100"-02 1,0040"405 1.0000 1.6800"+03 NM 1.6843 1.8547 a.9423"+02 1.161q9"02
INFINIIH 3.0350oM02 0.0000 2.3545*-00 Nlm o.1147 3.0226"-114 6.1031O 02 2.4423"+02

69020313 2.q050 1.0000 9.0619"+02 NM 4.6022 1.3455 3.0964"÷V3 30q964"+03
7.8500"-02 9.6570"+04 1.0000 2.00621+03 UM 1.8797 1.8422 2.8415+02 1.1310%402
INFINITE 3.0400N+02 0.000U 2.7245*-00 NM 0.1DA 8 3.5632"-04 b.1943"+0? 2.6415"+02



6902-('-I

69020302 MICHEL PROFILE TABULATION 27 POINTSt DELTA AT POINT 27

1 y PT./P P/PD TO/TOD m/:.I n U/UD T/Ir R4O/pH06MU/UD

1 0,0000'*O0 I.0000"Oo tJM 0.96639 0.00000 O.0AO00 I.42
7
75 0.00000

2 9.0000"-05 I.559l"*00 4M 0.97852 0.53232 O.b0070 1.27340 0.47173
3 I.0030*-o4 1.5069"+00 Nm 0.97865 0.55550 0Q.0390 1.27175 0.a7406
4 1.do0o0"-O 1.60?9",00 NM 0.97974 0.54980 O.IOt20 1. 26428 0.486q7

1.4000"-04 1.636d'"0l) rJm 0.97977 0.56271 O.b3100 1.257Q4 0.50181
b l.bOO0"-Q4 1.671ql'0O PNM 0.98043 0.57310 O.64•20 1.24q|U 0.51732
7 1.8000"-04 1.7163"+00 tjN 0.9A098 0.59122 O.bSq0) 1.24205 0..3050
0 2.0000'-04 1.76?21+00 NM 0.96165 0.60067 0.0b380 1.2335 0.54b23
9 2.50V0"-Q4 1.8463"400 NM 0.9a285 0.63391 0.09970 1.21833 0.57411

10 3.0000"-04 1.9095'"00 NM 0.98366 0.65208 0.71670 1.20803 0.59328
11 I.SOo"-04 1.9%92"t00 II1V 0.98442 0.66895 0.73230 1.19837 061108
12 4.0000"-04 2.0236"+00 Jm 0.98509 0.68372 0.74580 1.18983 O.tao81
13 4.$000"-04 2.0732"OO rim 0.98568 0.09671 0.75760 1.1622M 0.64082
14 S.0000"-04 2.1245+00 Nm 0.98031 0.71039 0.769q0 1.17427 0.65556
I5 0.0000"-04 2.2266"+00 14M 0.9874S 0.73496 0.7910 1.15978 0.68246
16 7.0000"-04 2.3204"+00 NM 0.98648 0.75698 0.81060 1.18069 0.70b90
17 8.0000"-.04 2.4095+t00 NM 0.98942 0.777t4 0.82780 1.13463 0.72957
18 i.00001-03 ?15921".00 NM 0.99128 0.51050 0.86060 1.11095 0.7746b
19 I.2000".03 2.7868**00 JiM 0,99316 O.BS603 0.64250 1.00702 0.8210S
20 1.4000"-03 2046154,00 NM 0.99477 0,88976 0.98180 1.06657 0.86155
1 lO.6000".03 3.1547Nt00 im 0.996 97 0.925413 0.94600 1.04495 0.90531
22 1.5000'-03 .?968"t00 Jim 0.99767 0.95070 0.96170 1.02967 0.93b91
23 2.00000-03 3.4203"+00 rim 0.99868 0.97208 0.90020 1.01677 0.96403
24 2.2000"-03 3.5122't00 NM 0.99942 0.98765 0.99130 1.00741 0.98401
25 2.4000"-03 3.%4s"+o0 NM 0,99975 0.99473 0.99630 1.003l6 0.99310
26 a.b000"-03 3.57864"00 NM 0.99994 0.99872 0.99980 1.00077 v.99q33

D 27 2.8000"-03 l.5861"#00 NM 1.00000 1.00000 1.03000 8.00000 1.0I0000

INPUT VARIABLE8 YPU/IJOT/TD A$SUML P8Pn

69020305 MCIICEL PROFILE TABULAYION 37 POINTS# OELTA AT POINT 37

y PT2/P P/PD TO/TO :4/AMO U/UO T/tD RHO/PHOO*U/UO

I 0.0000"e00 1.0000to00 rim 0.95089 0.00000 0.00003 1.801O6 0.00000
2 9.0000*'05 .O0009"#00 NH 0.96901 0.4497 0.00740 1.50586 0."0336
3 1.0000"-04 2.0712"#00 rim 0.96985 0.50862 0.62130 1.144217 0.41637
4 1.2000'-00 2.1t950.1O NM 0.97126 0.53132 0.444O0 1.46915 0.43835
S1.4000"-04 2.J6930#00 tim 0.97313 0.5612 0.07300 1.43853 0.467014
6 1.6000"=0' 2.5161"+00 Np 0.97463 0.58470 0.09530 1.41407 0.49170
7 1.8000'-04 2.6778"600 NM 0.97621 0.60936 0.71800 1.3881b 0.51716
8 9.0000"-04 2.817b"#00 riM 0.97752 0.2975 0.73630 1.36702 0.53862

.9 2.1000"-04 3.11211#00 NM 0.98012 0.67037 0.771S0 1.32414 0.56249
10 3.0000"-04 3.382b"00 rim 0.98236 0.70537 0.80050 1.28794 0.61'J4
II 3.5000"-04 3.667"M00 NM 0.98453 003947 0.87760 1.012s7 0.6b072
12 4.0000"-04 3.9240"00 1M 0.98"46 0.77025 0.6s8i0 1.22094 0.69705
13 4.5000'-04 40.13804'00 NM 0.98797 0.79439 0.86890 1.19640 0.72b2b
14 5.0000"-04 4.2967"m0 NM 0.98905 0.81193 0.08150 1.17872 0.74784
IS 6.0000'-04 4.4842't00 NM 0.99026 09.3174 0.89540 1.15092 0.77261
1b 7.0000*-04 4.35925"00 NM 0.99095 0.84309 0.90320 1.14768 0.7869W
17 8.0000*-04 4.64351*00 rim 0.99127 0.843•8 0.9080O 8.14246 0.79375
18 9.0000"-04 4.70691#00 NM 0.99167 0.85490 0.91120 1,13684 0.80200
19 1.0000'-03 4.7580"+00 NM 0.99198 0.86013 0.91470 1.13092 0.80881
20 1.2000"-03 4.8232-'00 NM 0.99935 0.86675 0.91910 1.12445 0.01738
11 1.40001-03 4.93231900 NM 0.99303 0.87770 0.9•630 1.11310 0.53166
22 1.6000"=03 5.0714,*00 NM 0.99304 0.89147 0.93520 1.10052 0.84978
23 1.8000"'.03 5.1675"t00 NM 0.99451 0.90279 0.94240 1.08969 0.86484
24 2.0000"-03 5.3355"+00 NM 0.99533 0.91701 0.95130 1.07617 0.88396
2S 2.2000-03 S.4766'"00 NM 0,99610 0.93036 0.95950 1.06361 0.90211
26 a.4000"-03 5.5851'+00 rim 0.99670 0.94078 0.96580 1.05390 0.9l641
27 2.6000"-03 5.7358"*00 NM 0,99747 0.95439 0.97390 1.04130 0.93sp8
28 2.8000"-03 5.02924'00 NM 0.99795 0.96292 0.97890 1.03347 0.94720
29 3.0000"'03 .9307"to00 NM 0.99846 0.97206 0.98420 1,02513 0.96007
30 3.2000'-03 6.0106M*00 NM 0.99686 0.97921 0.98830 1.0to6s 0.97041
11 3.0000"-03 6.08991#00 NM 0.99925 0,98662 0.99230 1.08230 0.9e02s
32 .6000"-03 6.1442"#00 NM 0.99951 0.9910w 0.99500 1.00800 0.98711
33 3.0000'-03 6.1864"#00 NM 0.99972 0.99479 0.99710 1.00469 0.99249

39 4,0000o-03 6.134'"409 NM 0.99984 0.99712 0.99040 1.0025% 0.99505
35 4.2000'-03 6.R361"+00 NM 0.9999s 0.99910 0.99910 1.00060 0.99870
36 4.4000'-03 6.24020*00 NM 0.99997 0.9994o 0.99970 1,00048 0.94929

0 37 4.6000"'-03 6.24bi•*O0 rM 1.00000 1.00000 1.00000 1.00000 1,00000

INPUT VARIAOLE$ YfU/UO.T/TD ASSUME PaPO

* I



6902-C-2

69020309 MICHIEL PkOFrILE TABIULATION 37 POINTS, UFLIA AT POINT 37

1 P77/p P/PO TOITOO 11i/ND U/UD T/TO IINO/RHnD*AJUOu

1 0.0000"#00 I.O0000400 NP'. 0.911131 0.00000 0.Q0000 2.16068 0.00010
2 9.00001-05 1.7869'4OD NPO 0.qSo3o 0.37351. 0.509110 1.85954 0.?7394
S 1.0000".04 I.105"oo tp, 0.9573q 0.358118 o.5Saou 1.4'1369 0.281415
'4 I.2000*-0'J 2.0653*400 Jpl 0.9600) 0.21Ž714 ).6,r 1.79095 0.11514
5 14.'000"-U4I ?.3342''+00 Njm 0.96296 0.'46147 0.607410 1.13e117 0.35060
b 1.6000*-04 2?,5777s00 NM 0.9blilb O.'932O 0.614020 1.04197 0.37995
? L.8000*-o11 2.85214"+00 NM 0.96745 0 527117 O.f)71410 1.6326 0.31I273
a 2.0000*-014 3013520#00 tim 0.970144 0.SS96 0.70(450 1.581461 0.144~459
9 2.3000*-011 53.0se"s0 N4M 0.97S67 0.62576 0.76520 1.148107 0.51066
10 1.0000*.01 R.2S41*+00 NM 0.97877 0.o7045 0.79890 1.414989 0.S6265
It 11.0000".0d4 S.10064+00 NM 0.9dig9 0.743211 0.85260 L.31656 0.614775
12 4.SOO0"-Oa S.3565"400 NM 0.985142 0.76373 0.86690 1.288111 0.06784
13 5.O0000"04 S.64862'+00I NM 0.960i7 0.7864N 0.88200 1.iS77o 0.70125
414 b'DO000'04 6.014614"+O NMA 0.96096 0,616111 0.90110 1.21023 0.73968
15 7,00000-041 b.33314"#00 NM 0.99013 0.63733 0.91399 1.19M2 0.70717
16 8.00000-014 6.502o*00O NM 0.99110 0.814911 0.92110 1.175q3 0.763R9
17 9.00on"-o" 6.6039,400 14M 0.991S6 0.55656 0.92$30 1.16693 0.792914
18 1.00400.03 6.64341+00 NIA 0.99173 0.85931 0.92690 1.163119 0.79666

*19 1.1000*-03 6.631*+O0 NO' 0.99173 0165931 0.92690 1.163419 0.79660.
*20 1.2000"-03 6.6900"+00 rim 0.991911 0.66259 0.92840 1.450140 0.80111

t 21 .1000*-03 6.72W+'06 rim 0.99206 0.861165 0.93010 1.IS56'3 0.504117
22 I164000.0-0 6.78SO4400 Nm 0.9923! 0,86921 0.93260 1.41i14 0,81012
23 I.b')00".3 6.90520+00 rim 0.99287 0,877418 0.93730 1.141099 0.621413
214 l.80U00-03 7.05116*#00 rim 0.991S0 0.88767 0.941300 1.12a55 0.83559
i5 2.0000"-03 7.13149"to0 NM 0.99303 0.69sio 0.911600 1.12197 0.614316
16 a.2000".03 7.3077"too NM 0.99453 0.90466 0.95230 1.10809 0.859411
27 2.14000"-03 7.o259'fO0 NM 0.99500 0.912119 0.95650 1.0987 0.87051
a6 2.0ONO-0J %S4109"f00 NM 0.995115 0.92004 0.960,10 1,0.09MA 0.88129
29 2.3000"-03 7.6317*#00 NM 0.99580 0.9259(0 0,96360 1.0629#1 0.889711
30 1.0000.0-0 7.75140'000 riM 0.90617 0.93387 0.96770 1.07377 0.90422?
31 3.5000*-03 0.03830#00 riP' 0.99732 0.95200 0.97640 1,08300 0.92773
34! 61.0000'.03 8.29180+00 rJm 0.99823 0,96800 0.98480 1.03sez 0.95I411
3A 4.SD000.03 6.49588600 NM 0.99094 0.980614 0.914090 L.OW40 0.97004q
314 5.0000"-03 6.61475"+QO Jim' 0.99944 0.90971 0.99520 1.01110 0.981426
15 5.5000".O1 8.7116Ž'600 tIP' 0699977 0.99564 0.99800 1.001161 0.99339
36 6.00000-01 S.79?6*6fl0 rim 0.949992 0.99849 0.99930 1.00462 0.99760

0 37 6.50000-03 68,1781+00 tim 1.00000 1.00000 1.00000 1.00000 1.00000

*INIPUT VARIABSLES YU/UOpt/YD ASBVML P"PD

690a1013 MICHE~L PROFILE TABULATION 141 POINTS, DELTA AT POINT 41

O v PY2/P p/Po TO/TOO M114D U/U0 /TlT PHO/PHODOVIJUO

1 OO:0 1~ooo .0000000 NM 0.931469 0.00000 0.00000 P.51227 0.00000
2 1:000 0 0S 1.50270+00 rim 0.96550 0.270141 0.40670 A.a62114 0.47979
3 .00000-04 1.5233"#00 NM 0,914%64 0.27514 0.414340 1.25410 0.16311

14 120.4 1.65241+00 rim 0,91178? 0,30236 0.144920 12,0713 0,20352a
% 1.40004-04 2.03800+00 NiM 0.95294 0.36$67 0.52860 2606474 0.0529%
b l.bo00'-04 2.193b6100 NM 0.95577 0.39930 9.56610 a.021124 0.048406
7 1,4000-404 1.97208+00 NiM 0.9134S7 0.113241 0.601470 4.95919 0.30663

8 .0004 2.8311'0M lIP' 0.96099 0,04990 0.631150 1.90345 0.311314
180 2a.5"00*0**04 3.3857'+00 NiM 0.46565 0.51363 0.08850 4.79511 0,304.48
40 110000".04 3.S60%0+00 NM 0.96.923 0,535546 0.72700 4,712q4 0.0141440
It 1.5000'-04 4.30W#0~0 N4 0.91298 0,%1201 0,73860 1.64200 0,41600
12 9.0000*-04 4.71671#00 NM 0.y7'46' 0.6?1530 0.161110 0.Sagsl 0.149146
Is 14.50000-014 5.114$%0#00 Nm 0,97731 0.651431 0.86000 I,53494, 0.5?905
14 5.0000*004 S.53114.0o (1A 0.9794a 0.66109 0.W627 1.414614 0.%60%2
1s 6.00000-04 6.162lz"too NM 0.98304 0.72906 0.36040 1.392yb 0.617,07
4* 7.00000-04 6.77980tOO NM 0,96%36 0.76117 0.661680 1.3139014 0.05179

17 *.0000"-04 700020#00 NM 0.98656 0.77530 0.84110 1.31117 0,67970
to 9.00000-014 7.13700+00 NM 0.96766 0,79112t 0.90060 1.28570 0.700146
19 1.00000-03 7107620#00 NM 0.94660 0.8060% 0.90650 1.264108 0.7ISVQ
20 1.90000-03 7.474145'o0 rim 0.96972 0.821492 0.91790 1.23M4 0.741496
21 1.40000-01 8.064.96#04 NM 0.99041 0.61560 0.92370 1.29107 04.7%591
12 1.60000-03 6.31800+00 NM 0,99130 0,814935 0.93100 1,204144 0.771487
a3 1400oPJoS'0 &.S106'+00 NM 04,991Y6 068197S 0.93640 1,166214 0.78936
214 12.0090,:Q3 S707'0 NM 0.99abb 0.67095 V,,94210 1dt700% 0.60518
a5 1.14000, 3 90122's00 rim 0699$60 0.986625 0.94970 1.14631 0.827014
26 i,6000'-03 9.180o00lo NM 0.199413 0.90011 0.95640 1,12900 0.814712
a7 1.10000-03 q.'47130#00 NM 0.99501 0.100963 0.96100 1.11566 0,66110
is 3.60001-03 14.6541+7'00 NM 0,99555 0.91907 0.9b%30 1.10313 0.67S50
29 iI.00000-03 9.15651#09 N4M 0.99613 0.q9I94 0.96990 4.06967 0.49009
S0 44.0004-03 1.0073,voI Nim 0.94674 0.939614 Q,974f0 1.075%5 0ý906al
It 560000"-03 1.0307'401 NIM 0.99736 009S422 0,9797o 1.06076 0.91357
32 5.5000".03 1.0490to060 NM 0.990704 0O'gilS6 0.98330 1,051909 0,936140
11 6.0099".03 1100629+01 N&I 0.99829 0.967790 0.94640 4.03966 0.91490*
314 6.50040-01 t.46ailf+ol Jim 0.996714 0,97645 0.99030 4.02920 0."6221
31 7.90000'-03 t.10046#ot NM 0.q9994 0.96410 0.9q370 1,01469 0.07546
16 7.10000-03 1.11300+01 NM 049"919 0.99029 9,99610 4,04)7' 40.6401
It *.00000-03 t.11869+01 rim 0.99M.63 0.99304 00997110 lb00,114 0.944614
Is6 850000-1J3 1.4106'0+0 tim 0.99960 0. 91f #04 0.99650 4.00451 0.943q9
39 9.0000.0-0 1.10280+01 NM 0.99966 0.149714 0,19690 4.00333 0.195051
40 9.10000-01 I,4301'#01 NM 0,99994 0,196214 0,949~10 4.08242 0.99719

0 44 l.0000'-02 l.11404fol NM 0.00000 4.00000 4.00000 1.004000 1.00000

INPUT VARIABLES YOU/UD, 7/TO ASSUME puapoA



6903-A- I

M :2- 6903
R THETA X0 3 : 85 350
TW/TR : Approximately 1 ZPG - AW

Blow down tunnel with flexible symmetrical nozzle. Running time 10 - 100 s. W * H - 1.22. L - 5.2 m.
0.16 < PO < 1.6 MN/m 2  TO : 300 K, Air. dewpoint 228 K. 1.3 < RE/m X 10-6 < 5,fi,

THOMKE G.J., Boundary layer and skin friction charecteristici in the supersonic test section of the
Mc Donnell-Oouglas Aerophysics Laboratory Four-Foot Trisonic Wind Tunnel (Unpublished OAC Report -
Privatn communi^ation)

And Thomke and Roshko (199), Roshko and Thomke (1970)

1 The test boundary layer was formed on the lower nozzle plate. Measurements were made on the floor of the
tunnel test section, extending from t4e nozzle exit plane (X • 0) to X a 1.52 m, and a rectangular plate-

8 steel extension continuing to X a 5.18 m. The test stations were X a 1.83. 4.19 and 4.38 in. All joints
and seals were filled and falred with a jointing compound, resulting in flow uniformity within ! 0.5 % In

2 Mach number with A mean Mich number gradient of - 0,013/m and - 0,0065/rm at HM 2 and N 0 5 respectively.
3 Transition wag bnlieved to occur naturally upstream of the nozzle. The tost layer nod passed through the
4 nozzle expansion, growing on one of the curved flexible nozzle olates. Pitot profiles obtained on the
5 tunnel centre-line at the last station ýgreod well with those obtained 0,38 m to thie side. Preston tubes

OA the centra line and 102 mm to either side agreed well with the average reading,

6 Wall static pressure was found at orifices (d w 1,27 m)lThese were placcd 25.4 mm ahead of Preston tubes
and Pitot rakes. An additiotial three tappings were placed at 25,4 sm Intervals ahead of the rakes.
A copper constantan thermocouple was buried 1,4 mm below the tunnel floor at X - 3,61 m, Wall shear stress
was determined using Preston tubes (d1 n 1,5, d2 w 1,1, 1 m 51 mm) mounted in accordance with the practice
of Hopkins and Keener (CAT 6601). The date were obtained as the average of readings from the three tubes

7 mounted at 102 me spanwise intervals. Pitot profiles were obtained using rakes mounting 30 CPP (di 0 1,24
d2 a 0,89 1 m 1Z.4 me) at the Y values given in tho profile tables of section B. The rake mounting body

8 had a wedge cross-se:tion with a total included leading edge angle of 70, Profiles and Preston tube
measurements for each station were made at the sote value of X, The front rake was 0.36 in to the "right"
of the centre line while the rear rake was 0,38 m to the "left". The Preston tubes were no closer than
152 m (spanwise) to the rakes. Check runt at the downstream station, with and without the upstream rake
in position, showed that it had no measurable Influence at the downitream station,

9 The Mach number profiles obtained from the Pitot measurements waie reduced to velocity profiles using
10 the Crocco / Van Driest velocity temperature correlation, the measured wall temperaturo, and a recovery
11 factor of 0.89. No corrections were applied to the Pitot date, and $utherland's viscosity law was used.

12 The editors have presented the date incorporating all tho assumptions and Interpolation procedures of the
13 author, but using a recovery factor of 0.896, The siaxteen smts of profiles represent measurements at two
14 streamise stations for a range of Mach and Reynolds number. The associated wall sheer stress data were

obtained simultaneously for half the profile series.

§ DATA: 69030101-1602. PT2 profiles, NX m 2, CF obtained from Preston tubes for half the series.

15 Editors' cop
This experiment provides data at a virtually unmatched Reynolds Number over a range of Mach Number.
Moore & Harkness - CAT 6502 describe a boundary layer at N a 2.7 and even higher Reynolds Number, but
their experiment Is not fully repoorted, In both cases the test layer develops over a streamise distance
which is large compared to the width of the test surface, so that the results are not necessarily completely
typical of a two-dimnsional flow,

Despite the Ytry large scale of the experimet, the measurementi do not reach further In than the momentum-
deficit peak in 60 S of the cases. There is som evideice, in the velocity profiles, that the points
maros, the well ai affqcted by probe Interference effects, and that profiles 0502, 0801/2 and 1001 are
not vp'lletoly naemel in the outer region.

1:1



6903-B-

CAT Wi'. THOMKE BOUND2ARY COND1t!OP43 AND CVALLJATEI0 DATA. 31 UNITS.

RUNJ M4 Tw/.TR* RL0.2W cF H1~42 1112K PM PO
X POD PWJ/Pn* RL0)2D ca 1432 t13jK TWA* To)
Ml 100 0w * 2 H1 42 U? D TR

69030101 1.9900 A.0bbý 8.64?5"+04 1.3060)'-03 2.95%il 1.25611 2.7159'+04 2.11S0"*U11
,1.1336h.(10 2.0923.05 1.0000 4.18214,05. NJM 1.8341 1.829S 2.8722"+02 1.5730"+02
INFINITF 2,8159-402 0.001)0 S.1450"-03 NM 0.0075 6.32141*-03 5.00'4.7'IJ? Z.b493"tI0?

64030210? 1.9500 1.0590 1.Infic--03 2..1-614 1a5? 2.8o'41"+04 d.86i43"404
0.3764*+00 2.0717"#45 1.0000 I.568430+0 '4M 1.0344 1.8305 2.6300N+02 2.600emi02
IhrINITIr 2.8176"402 0.0000 6.6563"-03 N~m 0.0253 8.0bl11'-03 o.C14b%4+O? 2.64124+0,?

690302o1 2.4900 1.0790 5.01351#04 N4m 3.4537 1.2421 1.112SO404 1.1125m+ual
2.21336000 1.8723'+oS 2.0000 S.flIoO4a5 N4m 1.647a 1.81612 ?.9000"402 I.1.2)3l?.
I47?NTr 2.8519"#Q2 O.OunO S.?7S74-03 NIM 0.0256 7.0290'.03 5.6111*+01 2.0:I77M+O2

49030?0? 2.45?o0 1.0780 6.144M71o04 NM 3.0523 1.21174 2.1453.+401 .143"6'W0
4.1010"+04l t.64199",5 1.0000 1.2s01o.05 :p! 2.6435 1.8311 2.9000.+(1? 1.29bI",l1?
INFINITE 2.6620"M 0. 10000 #j.49rpl"-0S NM 0.0061 6.63901-03 s.%oa3*+VZ d.i6942'*02

69010101 2.11800 1.0770 9.6961*,0'4 1.08900-03 3.0330 1.21112 2.4I9410"#04 2.1100'q.04
2.1136'.+10 4.1306*403 1.00nQ 2.08?7"+05 tNM 1.0503 1.M39 2.86211+02l .d4371+0?
INFINJITE 2.818.2"402 0.0000 11,5984*.03 i42 0.0272 6.0649".63 S,5097"od.? .34)1

69030302 a.4600 1.0720 1.339S*,05 9.7600'.04 3.8b'33 1.2453 2.5919,04-0 2.54140+04
dI.37614+00 4.1411"HIS 1.0000 2.65954+05 Nm 1.4467 2.0359 a.8100"+Oi 1.2750#~02
i11FpjtrII 2.819Ivfn2 (1.0000 6.0i472'.03 tiM (.0009 6604540,-03 3.S7021+01 2.6506,102

119030401 2.9100 ~ 111800 3.412688'04 NM 5.01178 1.2577 5.7196'0+0 1.7196"+03
2.1336"+00 2.0(197"+i5 6.o'00 8.110%31#0L4 N4 2.8$11 1.5371 20694000~02 1.0?2'I'+02
iNrINITr 2.6503S"+02 0,.0(1)0 5.2297'-03 NM 0.0257 7.6843*'03 6.014*A+Q? R,u403*4ý

0
2

6903040? R.*9400 I...io0 L.7512.0*04 iM '4.9112 1.2389 6.1485"403 646%'403*)
4.19100#00 2.0770*#OS 1.0000 1.1496'40S NM 1.65t~h 1.8364 ?.68690+ua12 .0013%4402
INFINITE 2.8530"#1I2 0.0000 6.8004'-'03 NM 0.0264 9.11774'-01 6.ovaw~4(1 A.6650040?

* 9030s01 2.011240 1.0060 4.11402'sO04 P41 S.U014 1.2330 ?.71644+'03 7.7164"#93
2.13361#00 1.?5060#05 2.0400 1.O9li0#05 rim 1.6544 2.81107 2.00006+02 1.0305N+02
14INFIMIF a.ab07wfua 0.0000 'i.06AW2-03 14.- 0.0275 7.47S'-Ol 6.0651"#02 4.b703*402

694030501 2.4100 1.08490 6.3(120'sP4 tqIA& 1.6a70q0 1.2315I 1 6.33h4U I 6.33b66403
4.1910.400 ?.7541.o5q 1,0ono 1.5365405' NIA 1.4551 2.04111 2.9000"+0? 1.05340+0(2

*INFINIVE 2.o~' 0. 10000 6.92147"03 NM 0.0200 9.96%9"-03 &.0100941ll 4.67W+~02

69030402 2.90100 0.09'20 7.0927"#0'4 9,80064-04 ii.4720 1.9239 1.26780#401 1.26718'0+0
2.13J6,600 4.5129*40% 1.01000 I.bob'l't0' NM 2.4sl8 1.8050 i.fh09'401 t.1204p402
INFINTIE 3.1104.tiq 0.0000o 5.1187"-03 N4M 0.2249 1.90hI'-03 6.1243'0t2 a.403.1+02

6403060? 2.9640 0,0980 6.7752~0+04 9.3100"-04 '4.0482 1.2260 1.066,04"4 1.2906N+04
4.37640604O 11.'917.001 .6y00 l.974'2',05 NM 1.03j79 2.0111 1.90011"+02 1.1304'.ol
INFINITt 1.11191#42 0.1000 6.27161-03 N4M 0.1141v 3520lb".03 6.31051+oa 1.0016.402

69(130701 24,1500 1.0240 1.l250o.05 9.2900"040 '4.7S72 1.218D 1.14214"04 aoalosv4o4
21334'"Wf 7.A93u,#')5 1.0000 2.5Till,040 NM 9.Os90 1.4417 2.69'44"+02 k.0464#0o2
IFINITE 1.0981'432 0.0009 0.qup".-OS Nm 0.0980 6.4333".03 4,j1109'tflj 2.0?64'401

4.376411+00 ?.6A9"fos 2.0000 3.461*47'05 dl' 1.6597 1.3079 1.9000"#40? 1.1034"+01
INFINIIE 3.0994~4"2 'J.0000 60f073,-03 24(1 0.0962 5.11U47*-1J 6.218b'.02 a.8293"+02

49030002 L.14000 2.000 0 .2544#t0J N~m 11.SS2 1.232% 3.7910*403 3.79304+03
J.13364,*00 Z.6117'405 1.00010 9.6965*#014 NM t.0083 1.0303 a.855Mh4IJ2 M.17j4%4Uj
INFINIlt 2.A303"#na 0.0000 5.66091-03 NM -o.0297 9.224aou-ill 6.345?'+2t 2,42922+02

6903084)? 3.41*600 2,0840 3.64410+'04 Nm 4.ISA1. 1.21130 11.063l'4(3 4d.0631N+03

.191.20400 2.laa1otflO 1.0000 1.1246"105 NM 9.650? 2.8330 2.64441"+02 S.4T?56.40l
INFIN1tE 2.6302"t02 0.0000 .41704'"03j NM (1.0527 1.0373"-Q? 6.3128"0'4( 2.6140"402



6903-B-.2

CAT 6903 THOMKI BOUNDARY CONDITIONS AND CVALUATEU DATA. 31 UNITS.

RUN mD T11/TRft PLRWfi Cr * 14 (IIIK PwPD
X *t POD 0 1 P.) * RL WID co H32 H32K Tw* TI)

Rr to 3~ N t * 2 PI? M42? L) ?K Lin T

6 9 0 3 P9 1.11800 1.11,70 5 .Ot78I"a0 NO 6,67A8 I .2 ? 16 6.10'jO'+03 6.1050"+I1)
aaOt'.I s%.-'*o 1.0000 1.5iofl"t05 Nm 1.06640 1.8451i 2.6,611"+02 8.272(I"+Ol
I INF I'1tT 2.60,1"02 0.0000 5 .S46 1 '- 3 Nm ..IJ.0500 5.79WQ-03 b.311b0"*02 2.622r,"fo?

690309UP S.I 0..0I 1.0660 5.40(14'+044 N?4 b . t96') t.aW1 8.501O%)ll b.5010"+03
44.1qlo'.00 4.4474"405O 1.0000 1.737?"+05 NI'- I.SS73 I.0u10 2.85%0n+0 11.44I3(0'01
INdFINITI' 2,8109"*(12 0.0000 6.1972*-03 N"m U.r3S1 9.8535'-03 6.5191"+02 2.62443"o2

b9001001 S.'1'l0 1.0230 8.31310+0qf4 6.16Ou1-04 6.1021 1.2174i 1.0%5q,.oM 1.0159"+0
2d. 13 S" + j 7.So01"#q5 1. ont0 2 .12%00 o5 NO 1106,11 1.84180 2.69410+J02 9 .0 11" +0 1
INFINITE 3.05i3vltna 0.0000 5.6080'.03 NM 0I.0AI7 5.74I69'-03 b.573151+02 2.829iJ"02

00OI10V? 3.46300 1.0240 q.67Il',OJI 7.4%oo"-Oil 5.9633 1.2309 I.O017'*04 1.04174+04
il.17b4'01 7.IIIbefnS 1.0000 2.b790*4S 141. 1.6%711 1.68110 2.40000'+02 9.Ill13",0
INTINCV 3.0u'.oa90 9.0000 *.4263"-OS INN 0.04;3, 1.00401-02 6.$640+017Q 2.0120"toa

64031101 3.9900 I.O'020 4.?911*#04 \V 7.6877 1.aao II.9031"+03 4.50110+03
2.113V+00 6.74I604(15 1.0000 1.512'd0+05 Nm 1.8661 1.31441 2.1167",02 7.012s"+0t
INFINITI! 2.592i."t'(d 0.0000 5.I'426"-03 14M olUvid 1.94100"1O 6.72-10"+92 2.7?504+02

09031Ioe 14.0100 1 .n419 .9366"+04 .4m 7 .6 On 1.2 111 1.14732'+03 44.47$2'+03
4. 1010 +0 0 b.ROL.A8 0"*1 1. 0 0 0 1. ?ioG*+ot NM1 I.61?2 1.5545A ? .a 1 "4 j? 7 .0 ?bI"+0 1
114 1' IItI !b?."Ws0j 0.10000 5,40)1-43 tNM 0.O0bh 1.00d42*02 6.7396"+02 2.127S*402

69031201 304'00 0.94400 bdif'jlW+4 1.'4400".011 
7
.0654j.I .alo0 6.8512,+U-1 0.3532"+03

2.433h"+Oo 9.602i.'q0l 1.0000 1.94121+05 1414 '..fi(-O0 I.3U06 2.117221+02 8.0II53"401
1FI N I v r I.bo4'ioa 0.0000 5.4.Wi~-03 W 0.18al 5.93a01""o3 7.08S6"+Va 3.041b"'+O?

690031a02 'W-Joo 0.9510 7, 5 l%41+4 6,61'00"-04 7 ?. ' 06 1.22491 7 .01I4 7 '+03 7~ujl1"+oS
4. 4.$7 6 "4*0 0 9. 611`'0411 6. ,;IO 2.01411105 N41. 1.8648 1. 641 q! 2. AQ4 Viol? 8.0760.+01
P4$!'1, 11 3. 11) 30 4 0a .01)0') 6.31211'-03 lim 0.1762 I.05V8-02 7.OA2O".02 3.0436"+02

690313111 J.9440Q 1.61501 Q.O?1 +Oo ci.1500'..oo 7.3203 1.221oI l.0I20+u~i 4.08d.lIU~o
2.1116"040 t~I.51.,fl 1.00010 3.?1z47'05 NiM 1.8609 1.405( 2. 59440*012 '.oJi f
NIN IT ii y .30951"#02 0.90000 4.1u9T.-O3 )4(4 0.1266 5.1110"-03 zi..097"tua2 .8%l7"+02

69031302 3.93414 1.6170 1.1033"+05 6,4700'0.04 7,366o 1.~210o I1,022',rIM 1.10j!2"+04
11.Vil"6400 1..~Se)94sn i.0000 3,60#q**,0ý NM 1.80178 1.01000 .7.90900io? I.S5'es"401
INFI i1Iyr. 1.09474411A 0.00Ij0 S.U~47N-01 1* u, 1 5 1 9.64110".03 0.85'l9'$Ua 2.01%04,0a

64101,1'01 4.'1000 1.0370 3'W18.'QsQ NMA 8.9W'l 1.229a a.89147"+03 2.0947"403
4.13304N, 7.3004mos 1.0000 6.2016"fol Nm .6.007 1.0191 0.0722's02 6.1972*+Q1
IPIPINI~r 14193',01) 0,80000 5.Ol41'"O3 111 0.112, 1I.W706'03 6,944"+01 2.7h97.+02

b9034III 4.143I00 1.01a0 3.bb%1'I0H 14P fi14893 1.2126 2.d'1234*U.i 2.0413"+03

I~ fit1' 3009'4 2 ,0005 23'-3 N IiI 0, )0 5 1.00?5".0p 1.9587"402 .17 a a* +0 2

6410361;u6 044400 Ol% 5.3791"+4 6.50"0 .77 )Is 5.1050"403 5.160140".3
ý.1336

M ,004 1.1703mtb 6.00c0 A.062'I10+o Nm 1.8461 1.54446 ?0891140#4 b.1h0'1*04,
I N FI ItýT f 3.237.JI.O2 0.O000 4.9qM6.'.03 NM 0.1$60 9.1375"-U3 7 <1 ?490ZfI~ ~919087" +01

64903140P 4,41000 0.9800 6,653a"4041 6.02610'.011 8.6981 1.421057 5.371"01,0 5.1741"+03
'l.37641to.0 1.37154906 1.04)00 2.52544+05 NM 1.6042 1.34:16 0.9l111"40 6.611450+01
INFINITE 3.2)SVIN0 0.00c0 'J.T0M0"-01 NM 0,1531 1-09504-02 7.19it6"'2 2*9705 'f02

49031601 4.9a200 0.91180 2.0$93"+04 NM .. 68718 1.2355 6%0$1.550"4,411
Z.1336,400 1.II6830l'05 1.0000 q.3917'404 Nm 1.11632 6.) 0...9so0042 S.V03IL4*01
INFIN~fr 3.2675"40a 0.0000 5.?3466".03 t1d 0.1169 1.0979'-Di 7.1778'.0Z 2.9AW+,02

6903660o? 4.0200 0.9940 a.11311+014 NM 10.450 1.22aa I.S55'dl.03 1.55142")U)
41.19104*00 7.4I060#05 1,0000 1.02~30405 NP' ).6087 6,11167 a.41rsc? 5.60lq,10,0
ININhum 3.1722q*0l 0.0000 S.7?SS9103 I'M 0.1720 6,b5-l7.16361,4,01 i.99W4,09

P6UF0D CALCULATED FROM ME/IWIJ LTAU (AUTH4OR)# TOD CALCULArID FROM TN/TRN (AWYH140)



6903-C-I

69030100 THOMKC PROFILE TABULATION 11 POINTS. QELTA AT POINT 25

1 v P12/P P/PO) TO/TOO WHON U/UD 1/TO RMO/RHOD*U/UD

10 .0000'#00 l.OQOo'*o0 rim 1.02522 0.00000 0.00000 1.53721 0.00000
2 S.8420"-04 0.9704-nofl rim 1.00070 0.17977 0.59064 I.S0675 0.38941
3 2.0320"-03 '.Ibgl~tgO rim 0.99955 0.55977 0.07032 1.115508 0.146710
'4 1.5560"-03 ?.30l3"#00 NM 0.999I9 0ý60O21 0.10817 L.39300 0.501835
5' S .0546"-93 2.5.895"00 Nim 0.999000 0.b3007 0.73506 1.3619A 0.53970
b 7.44,12"-03 2.8265"to0 NM 0.99808 0.66914 0.76892 1.32135 0.58102

7 9.7790"-03 2.9o80~t0O rim 0.99678 0.69176 C~.767815 0.279l2 0.60701
1 .2125'0 ).2653*+O0 NM Q.99474 u.7t906 0.S1070 I.26887 0.63896

9q I.,510-,.o 3.29310'00 Nim 0.9967b 0.73760 0.82470 1.25082 0.bS933
20 1.7450"-02 3.35944"#00 NiM 0.99577 0.1465b 0.83167 1.24169 0.66099
11 it.0240'..Oi 1.4967'0to Nim 0.99579 0.76470 0.841562 0.2232.2 0.69131
12 i.2733'-Oa 3.67?8*+00 NM 0.94BA4 0.187'iS 0.6625% 1.20041 0.7184S
23 2.53204-02 1.79004,00 14"' 0.99089 0.80247 0.87351 1.10503 0.13687
14 1.0353"-01 1.4568,400 1NM 0.99807 0.82623 0.89044 0.1619b 0.7buSS
IsS .5332'-02 4I.Z300'to0 NM 0.90990 0.89s00 0.9t(130 1.13179 0.M090
lb 0.0411I'01 42.507b*+00 N~m 0.99926 0.88661 0.93102 1.014160 0.803A5
1? o.5104~-02 'e.68911'*0 rim 0.94935 0.94676 0.944?2 1.04460 0.87057
18 S.0522.-Ol 0.9219*+00 tip 0.909912 0.93066 0.95916 1.06238 0.902042
19 S.684%"-02 5.147011*0 N4M 0.999b9 0.05512 0.97400 1.03984 0.93615
20 b.1297"0-1 5.3620'1t00 NM 0.90980 0.97734 0.98705 1.02004 0.9676b
al 6.91171'.02 5.5U07Nf0 riM 0.99994 0.90121 0.99502 1.00774 0.96738
22 7.6022"-02 5.5537*4200 Nim 0.99007 0.94647 0.99080 0.00300 0.g00,2
23 6.2296"-02 S.55370#00 NM 9.94997 0.90647 0.99001 0.00310 0,0904t)?
20 6.8671"-01 11.58114"#00 NM 0.00000 1.00000 1.00000 2.0o000 t.00000

0 25 9.5171"-02 5.5890"f00 rim 0.00000 1.00000 1.00000 1.000100 1.00000
2b 1.0132"01l 5.90A3"soo 1414 0.09999 0.991296 (1.9902 1.006141 0.9A8009
27 S.22.0 .51931#00 Nim 0 .909995 0.99296 0.99602 2.00610 0.94909
a8 1.2170,-Ol 11.5083.00o NM 0.94105 0.09296 0.09602 1.00619 0.98899

2 9 1.3tas'-02 S.51431+00 Jim 0.941"s 0.94296 0.99601 .0.10619 0.09m9
30 l.4153-0l 3.11113"t00 NM 0.90999 0,909a. 0.00602 2.00620q 0.0861A
31 i.5260'"00 1.113591#00 JIM 0.909996 0.99470 0.94700t 1.0046S 0.00200

INPUT VARIAdLES YU/UD AM01~i PMPD AND VAN UPIEST

690301002 OPMIKE PROFILE TABULATION ?9 PhOINTS# DE~LIA AT POINT 25

0 y P12/I' Pipo TO/TOD UMM U/110 1/TO RH()/RIIOO*U/UO

I 0.0000.900 t.0000l*f0 rim 1.011142 0.00000 0.00000 0.,1244'2 0.00~000
a, 1.11200-04 l.68190#00 Nim 0.090404 9.4119427 0.30140O I.5'!700 0,37401
3 A.6101-03 2.0446"4

0
0 1NM 0.903142 0.54614 0.4slo) 1.42626 0.1457014

42 3.9116"-03 P.303%1+00 rim 9.994414 0.V96*8 0.70030 1.37720 0.50821
5 5.58004-Ol 2.42&160#00 NiM 0.9943% 0161%10 0.72000a I.Jugou 41,53lu
b 7.87140'01l 2.68014"400 NiM 0.99463 0.06009 0.75800 1.13220 0.576111
7 2.0617'-02 0.80922"#00 N4 0.99503 0.49329 0.785300 1.002114 0.41024)
a 1.26020.0a 1.01340000 NiM 0.00527 0.70267 0.00100 0.26306 (1.63372
9 2.0777".u2 1.3305"900 N44 0.99589 0.79790 0.83704 I.M2111 0.bm50$

10 0,.0216"-02 1,39660400 Nim 0.90602 0.76099 0.04110) 0.01200 0.6906h
11 2.%857'..0? 11.4646"M0 NP't 0.09626 0.77006 0.34100 1.20M7 0.70757
la 1.06321-02 1.74P.01#00 NiM 0.94672 0.00250 0.070"0 I.2111PA 0.75251
03 3.6003"02a 3.9075"t00 NM 0.990746 0.63330 0.04030 2.240263 0.777414
004 42.10970-09 42,070im420 JIM 0.99739 0.65131 0.90700 2.230fly 0.80960
is 4.6201*-01 9.14080'.0 11M 0.99741P 0.64192 0.90100 1.0107.1 610.946
06 1.1263".02 4.,34420'+00 Jim 0.9976? 0.81112's 0.9pboo1 1.00426 0.63120
17 S.78874-02 42.1117'00o Jim 4.99630 0.90590 0.94200 9 85 0.670R0
t8 6.400'4".00 4.6793"#Ou NM 0.90863 0.0?02t. 0.9%1600 2.065MI U,895119
29 1.0617"91 4.11819,1100 NiM 0.99903 0.90650 0.96660 2.0I4l042 0.925
20 7,6708*-ol 3.040av*+00 Nim 0.999?6 0.09s55 0.97603 2.01470 0,00)27
a0 *1.206*-02 Ji~~9l m 0.99969 0.98290 0.900011 2.04)1$8 0.07561)
22 11.9103".02 5.2801'$00 Nim 0.99981 0.94969 0.91400 I.orl07-j 0.Oftld
as 9.5~I09".0 11.1a21"ta riM 9.99087 0049311 0.Yqbo11 2.00500 .991'aa2
29 1.01901-01 1.115431+0 NM 0.09990 0.9"M65 U.911344) l.110292 0.9n¶,C

0 Is l.10'll-0 9.18710400 NIM 0.00000 1.900001 1.011000 1.040010 2,0110O0
261 1.9197".01 9.3710+200 Jim 0.,09997 0098117 U.90'400 0.4(1106 1Il,4'1iq~
27 1.3226*.00 3.37Iu0010 Nim 0.090997 0.49827 0.99004 1.011106 0.09750
28 1.4l252-01 1.368"to'o JIM 1.010000 2.000114 1.01,0il) 1.onono0 1.004000
29 1.5321*-Qt 5.3170,ou0 t11l 0.94997 0.098?7 4).944124 1.00106 l.'7l

INPUT VARIAOLLS YpUIUD AS8UMt PxPV AND VAN DPIESt



6903-C-2

69010701 TIOMIL PRnFTLF TABULATION) it POINTS, DELTA AT POINT 2Q

I y PT2/P P/I'D TO/701 M/Ml) U/J1) T/T(V RHO/RlI0O~UdUUD

1 0.0000*#00 2 .OUth)'I00 Nkl 0.45597 0.000ou 0.'),1000 2.6lilsb 0.001000
.~5.5020"-0.J 2.53'12"+00 Nm 0 .,)tbs 4 0 .4,40(13 0.olln

0
7 .QA0'70 0.51857

2 .03200'-Q3 .821d"+00 NM 0.*q74553 0.'53i3 0.72900 1.78W2 0.1402S%0
14 3.5s0-0o )).n09')**q NM. 0.975398 0.J551,b 0.73800' 1 .74003 o *4,'3q1
S .05'46"-03 4.14109"+00 II" 0.97730 u.57OnOl 0.79500 1..)4 1oQOOQ 5

7 .4'1.2'-03 '4.7865"+00 14M 0.107947 0.12$ 0.71200 1.W377 0.o79?'4
7 9.7790-0.1 5.0951)"+00 NMI 0.9AJh93 0.bI.4'JO 0.Ingo0 l..i"704 0.50317
8 l.Z725"-02 5.512Wi00 14M 0.1aeba O.WUa7 0.07000 1.53251 0.S31sob
9 2.23-2 5.7014,+An NM Qq~ 0. 0430 .b'13 0.831O0 I1W914 0,.50la29
10 2 lj'0 .0.201"to0 NM 0.18470 V.6. b'i7 0. sf43 )0 1 j'4170A3 0.5713b
11 d.02'J4002 6.7'iqI1+00 NM 0.l".bU 0,71052 0.449300 l,'I'1260 0.54129
la 2.2733"-02 b.s10'$400o iJm 0.9416RI 0.7i2i90 0.06300 1.1024464 0.b1003
il 2.53W4-U.? 6.44297*t0 rim 0.01762 0.714496 0.Unng0 1.31%07S 0.43371
214 ).01SP'-0? 1.3'4425*00 NM 0.98711 0.77492 0.443n0 1.328149 0.01244
Is 3.51314-02 7.85'47**00 NM 0.9908~I 0.40304; 0.90100 1R20121 0.70604
16 '4.04102-02 6.3371,000 Up O.992p1 O.11899 0.92300 1.2t40a4 0.741101
17 14.ssq2"-Q2 9.l000'4.00 14M 0.09418 0.816019 0,9143210 1.17979 0.79291
to S.0sai'-0i 4.6014"+00 NM 0.99siq 0.3935S2 6.9s500 1.214200 0.83567
19 5.63'4s".02 1.024'4+01 14M 0.994.02 0.024414 0.96900 1.fl9Qlo 0.611166
20 b.1111"-02 a.0101'+oi 441' U.997S.1 0.924019 0.97#0o 1.07696 0.90625
i1 6.1570-.02 1.1051+010 UP 0.998143 0.96211 0.9WO0 1.01453a 0.93960
?a 7.b011'.ui 1.14444410fu 144' 0.99917 0.979'ib 0.9q200 1.025A6 0.96700
n3 5.290'.01 1.16141401 14M 0.999145 0.90707 0.9')'oo 1.C'bid 0.97915
all 0.1101'.02 1.1746101 NM U.99979 o.q91479 0.99800 1.00W0 0.90117
25 9.537?'-0l 1.19071+01 rim 1.000040 1.024000 1.024000 1.0n000 1.000n0
26 l .0l32"-02 1.1907,01 rim 1.Uflooo 1.900000 1.000A0 1.U0000 1.00040
9 ? l.1015'..0 4.49nft7u1 4444 1.00000 1.200000 1.900000 1.001000 1.00000
98 1.d1'41-01 1.19070+01 NM 1.00000 1.00000 4.000n0 1,00000 1.o002212

0 19 1.31183-0I 1.1907.402 rim 1.00000 1.v0000 2.00000 2.0110n0 1.00000
30 1.4153"-0I I.1730"+Ol riM 0.99969 0.99121 U.1197040 2.On972 0.96740
31 1.1l00'..01 4.Iq1g49s01 UM 0.799917 90.9198 0.94300 1.0226.4 0.971ma

INPUT VA41AULES YqU/UO A53UIIE PxPD AND VAN DRIEST

69010701 TII0NKC PACIFIL9 TA8ULA1Z014 31 POINTSv DELTA AT POINT 29

y 'Ti/P P/PP TWO/T tf/'lu /u/ VTO 4)IHCdHH00U/UbU

*I 0.0ooo"tuo 1.o0000,40 N4M 0.91710 0.00000 0.00000 9.61)148 0.0110000
2 1.11200-04 2.1466"000 riM 0.96875 0.144.415 0.UP0400 2.97631 0.32174

3 .11-3 3.65'43"00 NM 0.974143 0.%5963 0.70900 2. I q q1 0.31117
4 3.9116"-03 4.0291"400 NM 0.97637 0.56078 U.73700 lllo9*5 0.42620
5 51.80"0~-11 4.1941*400 riM 0.97174 0.10175 0045U00 I.6061.0 0.40147!
b 1.87'40".03 4.6303,000 rim o..07935 0.b6727 0.7700 2.63147l 0.147'469
7 1.0617*-02 6.96114**00 Jim 0.94091 0ob31142 0.79s00 I.58691 0.50091
It 1.2604".02l 5106o24100 NM 0.98102 0.614590 0.80600 1.516800 0.$1106
9 1.61 .'44514"900 NM 0.96300 0.066492 0.441000 1.121141 0.S1306a

to I.91'0 1.6AAI*$00 rim 0.98377 0.67751 0.0alo.2 1.119869 0.Mls31
22 S.770 .89731#400 rim 0.984148 0.69476 0.541040 2.146661 0.57314
laI A.32110-01 S.96,570#00 N4M 0.18507 0.09147 0.814400 1.1414219 0.17864
Is 9.50M17".01 6.1110"#00 NM 0.94517 0.71109 0.8'2200 .1,43902 0.%92914

14 .063RI-02 6,4465s$90 N4 0.90655 0,710448 .0.46400 2.4404044 0.62137
15 36093"-00 .841.4)43600 rim 0.98811 0.7%141 0.87400 1.36211 0.614113

lb 4.10978*04 7.28h3,ofg Nm 0.9593? 0.77335 0.89200 1.318441 0.67072
27 0.6103l'-0i 7.6v98qawq t# 0.99063 0.79761 0.90500 1.20031 0.701147
is 9.12113-02 0,0360-4100 442* 0.99106 0.411427 0.91800 2.95059 0.734120
19 1.1`6411'"0l *.64J0foo NM 0.99331 0.A44973 0,91300 l.a0616 0.77147
a0 6..i00*a.o? 9,42?0*fOo NiM 0.99465 0.87783 0.944700 1.161432 0.01311
i1 7.0617'-0l1 4.6161,000 NM 0.991116 0.90314. 0.911900 .78 0.81027
29 7.67011".U4 1.00468,,0 114 0.99686 0.9?513 (4.96900 1.010717 0.08816
43 O,29060-01 1.0411"M$0 rim 0.99767 0.943116 0,97700 4.07910 0.94101

14 43"0 1,0004"f02 NM 0.99637 0.96012 0.98400 1.01101) 0.93667
as6 9,5114?9-I) 1.11W901' riM 0,996944 0.97473 0.99000 1.03167 0.99961

I426 ~ 0 k~l - l1.21451#$01 NiM 0.99913 0.98971 0.99600 1.01471 9.96150
a? 2.20' oI .11"tol 44H 0.99990 0.997441 0.99900 1,00318 0.99183
as I~lW9702 1.1618'$01 NiM 2.00000 1.00000 1.00000 1.00000 1.00000

o it 1.10261-01 1.1010#010 NiM 2.00000 1.00000 1.0000Q 2,00000 1.00000

110 2M4111'.01 216' NMm 0.99480 0.991481 0.99800 1.0063. 0.99269
32 l.53 aim01 l.lipts'e01 NM 0.99990 0.997441 0.9#4900 1.00328 0.99183

042000 VARIABLE& Y.UIlUl AMSME PsPO AND VAN DMIEST



(,903-C-3

69031201 THOMKC PRMFYLE TASQ.LATIflN 31 POIN15, DFlLTA At POINT 2A

I y PT2/P P/PD T0/701' MIHI) U/Un) T/TD RHfl/RHOD*U/Uo

1 .0000"+00 I.Oonoo"i+o lip 0.8loo.1 ý..)90fO 0.00000 3.58927 0.00000
2 5.6420".04 2.9515,t'0 14 0.'92966 0.34831 0.57942 Z.77192 0.20903
3 1.0320"-03 4.o109'4-00 rim o0.4443 v.41615 3.UP032 2.43722 0.27914
4 .1.5560"-Ol 4.74311t00 rim 0.94o832 0,46091 u.70Wi9 2.34SN6 0.30069
b 5.05C16"-03 Si.1337"4,0f0 fJm 0 O. "SIo' 0.48181 0.725?? 2.26972 0.3195j4
6 7.442?W-01 5.725i1'04- 14M 0.95586 0.51181 U.75225 e.16378 0.34765
7 9.779D"-OS b.1413"t00 Nf'f 0.95a66 0.53)88 0.76923 2.091199 0.3h718
a 1,272s"-02 6.7603"+Qo lip 0.9625& 0.56070 0.79221 1.9q935 0.39O23
9 1 .5111".O2 7.0972"*0o Nim 0.96439 0.57524 O.80320 1.95256 0.4)136
10 1.74so*-02 7.S446"too lip 0.9b578 0.58bib 0.8)119 1.916)0 0.40291
11 2.0244*-02 7.76%7"*00 NiM 0.96600 0.60450 0.8?4to 1.8613'S 0.44276
12 2.41713"-0? S.?9SU"400 NM O.970u4 0.62534 0.53814 1.799)6 0.46586
Is e.5324'-4.2 5.7663'*00 rim 0.97235 0.64401 0.85015 1.74501 0.49719
14 3.0353"-02 9.3239",00 NH 0.97i686 0.665?9 0.863til 1.bS'S43 0.512)2
IS 3.5331".02 I.00?8"401 rim 0.97754 0.69131 0.6782 I.bISSO 0.54356
Ito 4.0410'.02 ),9755'40 NS 0.96007 0.71719 0.89211 1.54910 0.57589
17 4.5542*-02 I.1341'foI rim 0.98207 0.71873 0.90310 1.49615 0.60361
16 S.052)'-02 1.02'0 NH 0.98408 0.76146 0.91409 1.444254 0.6316?
19 5.6845"02 ).aw"7401 tip 0.98047 0.79003 0.9?707 1.37829 0.67262
20 b.3297*'02 1.38544f0I NP0 0.98686 0.6162% 0.93900 1.31R16 0.11240
21 6.9571"-02 i.460o~el) hm 0.49090 0.114850 0.9S105 1.25721 0.7564?
a2 1.60J2R-02 t.511164+01 Jm 0.99276 0.875414 0.96104 1.20S81 0.79701
a3 0'.2296"-02 1.65974+01 111 0.7q9425 0.89825 0.96903 1.16409 0.63230
Ali 6.5611"-02 1.7589*+O) NM 0.94592 0.9?549 0.97802 1.11714 0.67947
a5 9.53771-02 I.8552.?"01 rim 0.94741 049S117 0.96601 1.07486 0.913134
26 1.013V'-01 1.9i31"+O1 NM 0.99852 0.97114S 0.99201 1.04191 0.951)9
17 1.11t"ul~0 2.0164"M0 tip 0.99q63 0.992?69 0.99800 1.01076 0.96736

0 26 1.2174"-OI 2.o4jS$401 NM 1.00000 1.00000 1.00000 1.00000 1.00000
?9 1.311S3'-U 2.0164'tOI NM 0.99963 U.99260 0.99600 1.0107h 0.96718
s0 1.41310-01 I.9880o001 tiM 0.419426 0.901559 0.99600 1.0211S0 0.97504
It 1.52b60-oI 2.00210+01 II)" 0.99945 0.94908 0.99700 1.0163 0.98117

INPUT VARIAULLLS vin/o ASSUME PvPD AND VAN 1'RIrST

b9031202 THO11KC PIorlLf TARULATIOIJ 30 1P1INtS, JEL1A AT POINT 30

I y P72/P pipt) T0/700 M/M)O UMU TiTD R'iO/4RHO*U/Ub

1 0.0000.400 1.000DOoo liM 0.86100 0.00000 0.OO0flO 3.60239 0.00000
21 7.11201-04 3.0593'+04 tip 0.93341) 0.3%697 0.59041 2.74017 0.21546
3 2.6162'..03 4.49095*tO 14M 0,94748 9.414264 0.0A711 2.4)298 0.2A454
4 3.911b".01 4.4042'#00 rim 0.9521q 0.47934 0.71120 2.29352 0.31361
S S.s888,-03 I.M91"foo 114 0.9b102 0.48604 0.72927 2.21501 0.32340
* 7.67400-03 5.67430*00 jiM O.9'S734 0.510S8 0.75125 9,16639 0.34645S
7 l.06170-02 6.2671'00n )Jm 0.9blli 0.53914 0.7752 2.070110 0.37436
6 1.24OV'42 6.i931'*00 tip 0.96309 0.554Z0 0.78721 2.02060 0.38M5
9 l.56W1-02 6.q4131+00 NM 0.9bS04 0.S6964 0.79920 1.97000 0.40566
10 1.793V""01 ?.21634+00 rim 0966b52 16.56198 0.808)9 1.93136 0.41645
11 it.977?-42 7.15769"100 rim 0.96634 0.S9733 0.81018 1.56356 0.43441
14 2.3216'"02 6.0321'tO0 Nim 0.97051 0.61624 0.83217 1.52618 0.14M59
Is 2.56,370-02 6.3307'4000 tilt 0.97065 0.62854 0.44016 1.79Q40 0.46926
14 1.0612".02 8.0076"+00 N4M 0.97389 0.1.4719 0.8521 1.73606 0.40655
is 1.6043*-Oa 4.41294#00 f41 0.97625 0.67034 Q.e'.613 1.0716b 0.51613
1ip 4.1097*-02 9,93024#00 N4M 0.97818 0.6119110 0.87712 1.620261 0.54134
I? 4.62030-04 1,01211*441 1M 0.97567 0.69670 0.56112 1.60143 0.55021
18 S.1243"-02 1.0513't~l 14M 0.961) 0.72101 0.891411 1.53957 0.S6075
19 5.7687'-0a I.15054#01 NiM 0,78S24 0.74460 0.90609 1.46162 0.61156
20 6.11084"-02 l,?956*+01 riM 0.96113 0.79231 0.92607 1.31331 0.67379
21 7.06370-02 1.36294+0l NM 0.96673 0.81342 0.93708 1.32822 0.70550
22 7.0706".02 1.9347"*01 NM 0.99033 0.63564 0.9'i805 1.26269 0.13756
23 o.a906*"02 1.4527"~01 NM 0.99469 0.64074 0.946011 1.272,1 0.04503
24 5.9103'-01 1.5l330+0 lIM 0.99230 0.86447 0.95704 1.2t6442 0.79036
as 9.5879m-ua 1.61"S5t,01 NiM 0.99373 0.686672 0.96503 1018507 0.81433
26 1.0140'"0l 1.7163*+0l NM 0.99553 4.91624 0.97502 1.11269 0.6606S
A7 1.1l910-Ol 118316"mO NM 0.99732 0.94769 0.9115(11 1.06015 0.91192
26 1.3226*.0l 2.0064"M~ NM 0.99964 0.9969 0.99800 1.01076 0.98736
29 1.42390-01 2.03W+"01 NM 1.40000 1.40000 1.00000 1.00060 1.00000

D 10 1.5121"-Ol 2.*3%44+01 NM 1.00000 1.00000 1.00000 1.004000 1.00000

INPUT VARIAULEI YU/1ID ASSUMAE PmPD AND VAN MCIST



"7001-A-I

sM : 19 to 21.6 7001
R THETA X 10"3 : 8-12

STW/TR : 1l FPG / ZPG

MHT / AW

Axially symmetric blow-down tunnel. Running time: 50 s. D • 0.56 m.

PO : 13.6 MN/m2. TO : 300 K. Helium, RE/m X 10-6 - 45.

FISCHER M.C., MADDALON D.V., WEINSTEIN L.M. and WAGNER R.D. 1970. Boundary layer surveys on a nozzle
wall at M k 20 including hot-wire fluctuation measurements. AIAA Paper 70-746.
And Fischer M.C, private communications,
Also Fischer, Maddalon, Weinstein & Wagner (1971) and Wagner, Maddalon & Weinstein (1970).

1 The test houndary layer was formed on the wall of a contoured axisymmetric nozzle approximately 4 m long.
The nozzle radius at the measuring stations Is given in table 1, with X n 0 at the throat. The nozzle wall
had a smooth polished surface and was not actively cooled. Calibration test- reported by Arrington at al.

2 (1964) indicate that Mach number variations across the test section at X v 3.531 m are about t. 0.3 so that
3 longitudinal variations from the mean expansion may be expected to be of the same order. Preston tube tests

by Wagner at al. (1970) at X • 2.066 indicated that transitiun at this point occured when PO was about
4 3 MN/m2 . PO for the test described hare is about 14 MN/m2. The test boundary layer was formed by expansion

in the nozzle, with a very strong siimple wave generated expansion in the throat region followed by an
extended simple wave cancelled expansion in which the nozzle contour and boundary layer growth give near
zero longitudinal pressure gradient conditions at X - 3.53 m. The last test station (3.76 m) may be

affected by the upstream influence of the APG flow In the diffuser.

6 Wall pressure measurements were made at 17 stations along the wall between X - 1.47 and 3.81 m with holes
7 2.3 mm in diameter. At the X - 3.53 m station the velocity profile was determined from PO, TO and P

traverses. The Pitot probe was a CPP (d1 - 3.2, d2 - 2.6 mne) while two static probes (CCP - i * 42.56,
8 d - 3.2, 11 • 11.7, 12 - 94 mm) were mounted on a rake, separated vertically by 166 mm so that the outer
7 tube wat always in the free stream. TO was measured with shielded tungsten resistance themoneters with

an oval shield entrance for which b1 N 0.76, b2 • 3 mm. At all other stations a Pitat rake only was used
with 18 CPP (di . 1.5, d2 - 1.0, 1 - 25.4 mm) mounted at intervals nf 6.4 mm near the wall, increasino to
19 mm in the outer region on the layer. At station X • 3.53 m a hot-wire survey of the layer was also made
using the constant current techniques described by Wagner et el. (1970).

9 The static pressure profile measured at X a 3.5 m was replaced in data reduction by a series of linear
variations (see source figure 14 inset and tables of section C below) and this variation was applied to all
the other profiles presented here. The total temperatu: t was within a few percent of tunnel total temperature

throughout and the measured values were replaced by the isoenergetic assumption. A wall temperature of 300 K
J0 was assumed. The Pitot measurements were corrected for real gas effects (Erickson, 1960) and viscous inter-

action and rarefaction effects (Beckwith et al., 1971 and Rogers et al,, 1966). The maximum correction was
a 20 % reduction of PT2, and at the relatively high pressure levels considered in this entry, only the
first few data points near the wall received significant adjustments. Uncorrected Pitot data Is tabulated

11 in the source. The viscosity law assumed was u - 5.0236 (T/K) 0.647 X 10"7 NH/m2 ,

12 The editors have accepted all the assumptions and adjustments made by the authors. In order to do this it
proved necessary to reconstitute the assumed static pressure profiles from the authors' description and the

wall and free-stream static pressures. This procedure was followed since the tabulated data, although
functionally complete, required the use of computed density data which was presented to one significant

13 figure. This profile set is the only one tabulated, but a great quantity of reduced Integral data is also
given in the source paper for a range of tunnel reservoir pressures, For this integral data, the static

pressure was assumed constant. The hot wire data are presented graphically in the source and Fischer at al.
14 (1971). We present the authors' CF values estimated from the slope of the velocity profile at the wall,

+ We have however calculated viscosity as discussed In the introduction.
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§ DATA: 7001 0101-0105. Pitot profiles. TO and P profiles for 0104 only. NX - 5.

15 Editors' commnts

The three hypersonir contoured nozzle wall studies, including this entry, Backwith at al, - CAT 7105 and

Kemp & Owen - CAT 7206 provide the highest Mach number data in the catalogue. In all three there are strong

normal pressure gradient efferts, as although the radii of curvature are large, the dynamic pressure is

orders of magnitude greater than the static pressure. The most thorough attack on the problems of measure-

ment which result from this is that of Beckwith it &l., whose correction Drocedures are used here. In

addition to nomal pressure grsdimnt effects due to streamline curvature, at these Mach numbers, it is

neevssary to distinguish between the normal stress which must balance the centrifugal effects, and Its

compovent parts, the static dressure as such and the normal Reynolds stress due to turbulence, which is

of the same order.

The profles are given in average detail, and the measurements extend within the momentum deficit peak.

With the boundary conditions used, replacement of the measured TO profile by the assumption of constant
TO will have little effect on the reduced data. The influence ot the PT2 corrections can be seen by

comparelig the tabulated values with the uncorrected values given In the source paper. The Mach number range

of the series Is not large so that the balance between the components of the static pressure variation

sh•dld not change much from one station to another. and therefore the static pressure profile used at each

station will be valid in so far as It represents the variation at the station at which it was measured.

As is typically the case with very high Mach number measureients, the profiles display marked transitlonol

features.

TABLE 1

MIEASURING STATION X: 2,007 2.743 3,302 3.31 3.760 m

NOZZLE RADIUS R: 203.2 236.2 273.1 278.1 270,4 mm



7001[-0l1C-1

CAT 7001 FISCIER BOUJNDARY C0O4ITITONS AND EVALUATED DATA. 31 UNITS.

R UN mv ft T~i/TR 22002W CF *1412 H12K PN PD
11 * POD* PtN/PD RLD20 CO H32 11324 TW* TO
RZ * TOO* 3"; *t 02 P12 1442 DZK U0 TR

70010101 10.0000 1.1150 2.4599*.o2 2.6000"-04 337.7607 2.0510 1.1681"+02 .. )Sf0
2:00b66+00 1.236"401 1.3500 8.27610+03 14M 1.9520 1.742e2 3.0000"+02 2.4713*+OD
.2.03d0l-O1 3.o0000+n2 J.o000 1.6432*-0I4 14U -0.3401 1.77410"-03 1.7S83"+03 2.6906"#0?

1001010Z 20.6000 1.1152 2.0476"tO2 1.9S900"-Q0 ý42.0757 2.0033 7.5831"+Ot1 5.6111"tol
2.7432"+00 l.A238.407 1.3500 8.3710'+03 Nm 1.92Y7 1.6873 3.0000"+02 2.0640".+Q

-2.3t.22"-0I 1.00000+nl2 1.0000 1.?09-04.0 "4m -0.0311 2.6614'-03 1.75950+03 2.6901*+0?

70010101 21.6u00 1.1152 P.24050+02 1.8000"-04 324.02b5 2.0sa21 6.2873"+01 4.65730+01
3.30201+00 1.42334+07 1.3500 90.8I51"e03 N" 1.q396 1.7281 3.00000+02 1.91S?0#00
-0.1305*-Ol 3.000o'tv.e l.flOD 2.0944"04 Nfj 0.197S 2.aO$9"-03 1,7S00"+03 2.69000"+02

70010104 21.6000 1.1150 ?.4039"*02 1.7500~-0i4 303.6261 1.9064 6.0350"+01 4.5L14L4*+0
3.53004.00 1.38931+07 1.3r500 1.0531"404i Nv 1.9329 1.7383 3.0000"402 1.9157*400

*-2.7B13*-01Il ~ 1.000000) J~~n .40a5"-O4 NM 0.3212 3.4112"-03 1.7599"+D3 2.o000*40?

*70010101 11.5000 1.1152 7-,. 7 44 5"0 2 ANP 326.11272 2.1372 6.410270+01 4.74270+01
3.15920+00 1.4169*+07 l.3500 1.2144.04 Nqm 1.9437 1.1314 3.0000"+D2 1.93350+00

-2.794111-01 3.OUQ0't02 1.0000O 2.7077"-04l Nm 0.1531 3.2555"-03 1.7S99"+03 2.69000#.02

* CF ESTIMATED FRO P10.7

EVLALUATED DATA -PRESSOIJIf BASED REFERENCE ýLMb0

R UN WoP 1112!D H3~200 142PD RED2PPD0 REC2DWH DITAk
D2t12HI p A H12py0I ti2 !VA RE02PWO REv2P14Il

70010101 1.bbbA".04 341.0696 1,452t -0.334? a.395S"+03 2.51"+02 5.40440-Q2
1.393?P-04 330,7443 1.991b -0.3346 S.39091j"03 2.4965**02

70010102 1,60%0"-04 39.2261 %.9263 -0.0310 8.14400'403 1.0654"402 S.'41670-02
1.54W9-04O 314..8846 1.9191 -0.0310 0.44721+01 R,066?"+02

10010113 2123011"-04 1303.3106 1.940? 0,1942 19.9963'+U3 A.9810"402 0,734W-02a
1.66'41'-0 324'5665 :VM~13 0.1942 1,00o00N+U4 2.2827"tU2

70010104 54:Ol r.S2 1.9341 0.3151 2.4187"02 6914P-0
2.057 14343.406:.9346 0.3132 1.0711'0+06J.4Sa0

10010105 2.7166"-O: 350 1207 1,04'44 0.1513 1.0?70+040 l.ba2i'&02 0.31W1-02
2.2675-04 3061 a:742 1.9451 0.1512 1.1179N+44 2.be754-+0l

7001010'? FISCHLO PROFILE TARULATION 21 POINTS# DELIA AT POINT 10

I yP71/P P/PD TO/TOO 1-/11D UuDu Y/OD Rn0/41400.U/UD

1 0.a0 0 00 .0 1.00000+00 1.3w)000 1 .0 7 t7%s 0.000P 0.00000 156.72600 0.00000
0 I.11Su*-03 l.1460,400 1.35000 1.70to 0.02539 0.30300 142.3635so 0.00267
1 b.001t0*.us P.62514**OU 1.55000 1.05179 o..TI't7 0.56400 1CIS.600pl. 0.011761
'6 ?.%6920-03 4.qj~ijfl+Ot 1.3';000 1.03751 0.01%377 0.72500 7L4.i99%36 0.01307
6 l.01uo*-02 a.?4Ra8441 1.31;000 1.011P3 0.161P96 0.92?10D 2'6.520139 O.OsOb9
ii 1.3138'-02 3.7310'l+01 1,31%000 1.00737 (6.vi1I1 0.95200 l5.59000 0.05244
7 1.9756*-1)? 5.379,k01O 1.ISO00 1.00532 0.28973 0.96700 11.13916 0.11719
* 1.6111*l2 .uVe'0 1.04500 1.00377 0.35644 0.97000 7.'S4369 0.16191
9 5.24441-02 I.pbo6fl0 e0 1.10!00 1.00136 0.414463 O.WOD0 4.92772 0.22133
1o S.ý005*-00 ?.u393*+0a 0.91500 1.00046 0.56~S3 0.q0300 3.07903 0.29501
11 4.0'J?'-02 2.816441+02 0.60500 0.99940 0.61192 0.99400 2.63862 0.3042S
14 .22.2 1.t6340+00. 0.84000 1.00064 0.70728 0.9970U 1.98706 0.42147
Is 7.1116"-02 s.qbh3"+Od, 0.61000 1.00014 O.78q57 0.90600 1.10761 0.50972
114 8.4415"-00I s.0431*402, 0.92D00 0.19996 0.89U37 0.00900 1.25890 0.73007
15~ .1'5~0 5.69W11"02 0.96000 0.99841 0.94590 0.99900 1.11503 0.69960
lbp I.1IIL2'.It1 3.8I6i&¶i'02 1.00000 0.99896 0.06185 G.0900O 1.07675 0.9R607
27 1.2905o-01 5.4860"+02 1.00000o 1.00043 0.97011 1.00000 1.06h2s7 0.94111
10I 1.4654*.Jl 6.1U0o4l+0a 1.ufl000 1.110920 0.98575 1.04000 1.02911 0.97170

014 1.6744'-0I 6.16W0342 1.0000D 1.00000 1.00000 1.00000 1.00000 1.00000
ia 1.013416-01 6.26s71+02 1.00000 1.00010 0.990253 1.00000 1.0ts10 0.985)2
pl i.05q4.01O 6.3byl*+02 1.00000 0.999%9 1.00054 1.00000 0.99062 1.00106

1INPUJT VARIABLES Y#U/UDoT/TDsl'/PD
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70010103 rISCIIL9 PPOFIFLE YA(1ULATXIfr 73 P011ITSe DELTA AT POINT7 IA

I y 1T ?/ P p/prl T J /T 0; A/ in U/U"j JT/T R~nPIr'/J41).UD

I o.0
1
l0o"+vo 1 *0'090"O0 1.39300 1 .0110t, 0.00J00 0.o030145M .'000) s.s~ .nu

s1 5.0500"-03 2.q?144+')I) 1.35000 I.J0479 C.U59'? 0.b0,,00 1ljV.q51167 h,.00mos
4 1.569)2-J.5 l13. I WfI I 1.3siJ00 j.(100A7 0.11 1181 0.0120J '19.02,7b?1 . 021?~741
5 1.01)0"-U? 2 . 51)" +01 1 .A3so() 1 .o0Ou2 0 .1I74.2 0 .9 13.1 ?7. 02? 1) 1) .04W.6
6 l. 393 8-02 2 3. 3 7", 1) .50 1. %f I. ju05I e.,2S4 Q jqal)Q'j 18.3li5 0 of1.04'ie
7 1.9736"~-12 .*,)2;)l 1 1 .3"J60 U."69'3 0, '!014 0 .96110 12 .71 L,7 1 (.0I OP),
8 e.0 kII I1" -1? 6 .;) YI l I 1. 3%00 0 ."149)7 3. SOWN u . qli9n. lo.13(U4 ' J. 1 aJ44
4 s.294'1-02 1 9. ql&ij* r) 1..i0250 0 .9MAT 0.36261 0 .97ql) u 7.Z8931 0.17AS9
1o J.9075"-02 I*1.4hy*+1 l.1o7%o 0.79071 0.w.dsbo Q.9h700 4q97374 u.21166
1I %.8i~"-Ql P.7aft"o'42 0.82500 0.14925 0.43705 0.99q7') 2.93'15? U.33649
1a 7.i19b*-02 3.5063"+02 0.82!ino 1.00oo0q 0.11478 0.q9700 1.94556 0.42277
13 8.4491.002 '4. i136~0+2 U0.5000 O.qq930 O.in3ta 0.09300 1.5MO2 O.%'j946
14 9 . 7 15s-02 5.,1914"*02 0.851150 0 . gq989 0.67643 0.9190M u I a 15 4.6816a,
1s I.10bR-01 6.15111+02 0.91250 U.q9873 Q'Ol~b9? 0.g9900 1.14.'0o 0.81911
10 l.2954"-(1 6.71f.Sl2O fl.9slifl0 0.,?ll14 o.9A'1s7 1*4~l 1.-IM s 0.93619
17 1.4854*.0l b.A037*02 1.00000 1.U111)(5 0.995gi 1.000no 1.0opft 0.992)0

a 20 I.6744"-0lt 4W.t"+q2 1.00U000 1.0300(1 1,000n0 1.01.1000 1.00'"0o 1.00000
19 l.0619"01i b.11053"i02 1.00000 0.91aps 009813'i (4,99900 1.011629 0.9"402
20 a.0599'"-o1 6.8037"+02 1.00100 1.304(13 0.99'j97 1.010003 1.008406 0.99200

INOJYJ VARI&JLE Y*U/UL3,T/Tfl,
4

/PD

70010104 FISCHCR PROrTrLE TArIULATInN4 21 POINTS, Ur.LIA AT POINIT .4

I y PT2/P pII'f TU/TOý '1/1-1) U/.1r) T/ll? P~n/ll0;)Au/uD

k 0.0000"+00 1.0000"+00 1.35000 1.10400 0.00000 O.0(1000 156.50716 0.00oono
a l.17?80"-U3 1.1247"+00 1.35000 0.91745 0.0t757 0.2151'0 149.40200 0.00194
3 3.3020"-33 I.2800.00o 1.3r,00 0.99957 0.02387 0.30500 141.77(00 0.00291
4 41.0640-.03 l.0766'tUO 1.S5000 0.90912 0.04485 0.44000 119.t90f'0 O.(1'5%5
5S .3340l-03 2.7423"*00 1.359no 0.99000 0.056415 0.58000 104.00200 0.017si
6 6.0580"-03 4.9713'i90 1.3si00 0.99964 0.0'1101 o.71011)0 77.lI7040 0.01a02
7 8.1250".95 8.02131+00 1.35000 0.99901 0.10501 0.79700 57.00400 ('.0116ba
8 1.244b"-02 1.7514'*01 1.321v00 0.199141 0.115778 0.09400 la.163fl0 0.03759
9 1.1015S-UR 2.4970.1t ~ 1.3SU00 0.99051 0.20.100 0.933q0 20.q18oo 01.06J21
10 2.1082'-02 I.M0115'40 1.3'010D 0.19965 0.23122 0.94991 16.11,600 0.0781)9

1I0?3~0 .1500-t0l 1.Llpso0 0.913849 0.17241 0.960,10 1A.9.%on 0.17136
12 5.105'4"-o? 1.9606"t(12 0.93VO0 0.99983 0.5J423 0.99900 3.;1414(10 0.2417sb
is 6.073S"-02 21,4'0b"#02 0.40500 0.1995'I 0.63113 O.99500 2.1mil0 0.322q7
14 7.4'4224-oz 3.h9ldl+02 0.83000 0.74946 0.73460 0.9970) 1.007f0o0 I.44801(
15 9.29640-ki 5.114P43" #02 0.87000 0.993R9 0.85167 0.99000 1.3safto 0.bu112b
lb 1.01414"-01 5.9339"*02 0.89550 0.7q940 0,90,224 V.q9900 0.9p600 Q.17'4'6
17 i.1074"-Ot 6.?303"foa 0.905sn 0.99864 0.953s0 0.999140 1.?04p"0 0.1323'iO

128 I..!6'I9"-0l 6.7305"#02 0.91,250 0.99812 0.99062 0.9q9900 1.01100 0.920l4d
I9 I.stlas"01 6.777P0'2 0.965300 0.09403 0.99404 D.99900o 1.01000 0.95449

0 20 I.52'40"-0l 6.418bo#M2 1.00000 1.00000 1.00000 1.00000 1.00040 1.00000
11 L.4034*-01 7.4149"'')2 1.00000 U.799485 1.01170 1.00000 0.97700 1.02)5")

INHJT VAPIAOLES YoU/UtD.T/YfDP/PI3

70010105 POSCHLI9 PROFILE TABULATION 20 POINTSo DELTA AT POI3N' 19

I y PT?/P P/PfO TWO/T HM/O u/UD T/TO RHO(/14HOUftU/Un

I 0.090D0.'oO 1.00001+00 I.350'l0 1.01835 0.00003 0.00000 158.00407 0.00000
2 3 1496"-') I.2168*+00 1.35000 1.01674 0.0130Z 0.27800 145.54420 0.00a57
3 b.3900"-')) I.Mi31'40 1.35000 1.01089 0.06158 0.(02500 96.b313b n.00873
4 5.91'I"W-03 .101W2+01l 1.35000 1.004as 0.1130 0.85700 412.b0IES 0.0W714
S l.0160*-02 t.40ts"+0l 1.33000 1.00235 0.16536 0.90300 a9.821l79 0.0'14'd
6 I.4910"-0? 3.1329"4'01 1.35000 1.00099 0.213Zb 0.93900 19.39798 0.06538
7 2.1107"-02 4.30570+01 L.315000) 1.00018 0.28284 0.95600 10.2963) 0.04W2
a a.748$0-02 S.Ray)I(I1 1.3%000 1.00088 0.27786 0.96400 12.03660 0.10s12
9 11.431so-va 6.480940#01 1.3%000 1.00088 0.10786 0.97100 9.94a07 0.13177
to 4.1046"-02 4.5636"*0I 1.35000 0.99946 0.311419 0.97800 7.62414 0.17s17
it 5'.96W."02 1.80560+02 1.1t000 0.49948 0.S5463 0.90100 3.68218 0.a987)
1a 7.2564*-02 l.6811810+0 009350OO 0.99982 0.6aa44 0.99500 A.50916 0.37077
13 6.581,7"-02 3.91160+02 0.80500 1.00001 0.71865 0.907110 1.9mm8 0.42700
14 9.05970-02 l4.t901"+02 0.81500 0.00003 0.78019 0.99800 1.63S44 0.50344
15 1.11W9-01 4.8349#+02 0.84500 0.99861 0.044340 0.94800 1.40020 0.60228
06 1.3091*.0I 5.3971"40a 0.87500 0,99930 0.90750 0.94900 1.211al 0.72114
IT l.0fl2a*-0 6.2474b"102 0.90750 0.790117 0.958113 0.0090') 1.08554 0.83515
IS 1.6411J1-01 6.q847.0a 41.9)750 0.99d31 0.97481 0.99900 1.04582 0.89553

0 19 1.8755*.0l 6.7911110+02 0.96750 1.00000 1.00000 1.00000 1.00000 0),96750
iMo 1.0737".01 6.44104$02 1.00000 u.99833 0.99007 0.99910 1.02831 0.9611a

INPUT VARIABLES Y#U/IOT/TD#P/PD
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axisyrnmetric M : 597002

R THETA X 10"3 : 8 - 80

STW/TR : 0.7 - 0.8 ZnG (FPO HISTORY)
MHT

Axisynmetric blow-down tunnel. maximum running time 6 minutes, D - 305 mm,
0.45 < PO < 4,24 N/m 2 . 460 < TO < 500 K. Air, dew point : 211 K. 4 < RE/m X 10-6 < 35.

JONES R.A. and FELLER W.V., 1970. Preliminary surveys of the wall boundary layer in a Nach 6 axisyametric
tunnel. NASA TN 0-5620.

And Feller W.V., private communication, Also Feller (1973).

1 The test boundary layer was formed on a cylindrical extension (D . 0.305, L - 4.0 m) of a contoured axi-

symmetric nozzle. The cylinder was constructed in four interchangeable sections (L - 0.457, 0,761, 1.22
8 and 1.525 .) of which the longest carried the survey equipwent. Four stations (X a 2,388, 3,150, 4.369,

5.461 m) were studied in the test zone stretching up to more than 6 m from the throat (X v 0). The test
surface when constructed was finished to better then 1.6 m rms with a maximum departure from the prescribed

2 ordinates of 0.013 mm. The surface was not actively cooled. Pitot surveys in the "inviscid" core flow showed

3 no &asymetry or wives. Natural transition was believed to occur upstream of the throat, and the pressure

4 history of the layer is represented by the Mach number distribution in Table 1. The wall temperature history
is discussed by Feller (1973) and in the cases discussed here probably corresponds to TN/TR between 0.7 and

0.8 throughout (E).

6 Wall measurements generally suffered from undetermined instrumental difficulties, so that the static pressure

presented with the profiles is deduced from Pitot measurements In the free stream. The wall temperatures
were measured by themocouples, each held by a screw in contact with the bottom of a drilled hole so as to
sense the temperature 2 mm from the test surface.

7 A CPP and a circular 5TP were mounted permanently in the free stream and their readings recorded In conjunction

with the traversing probes, which were in general of the same construction. Two probes were mounted on the
traverse strut at an'y one time. The probe dimensions and Y separation ore listed in table 2. The Pitot probes
were FPP and the TO probes flattened circular STP in which the chroml-alumel thermocouple bead had Itself
been flattened so as to Increase the surface area to volume ratio, with the aim of giving a more rapid

response and reducing sensitivity to conduction errors. The TTP were calibrated directly In the free stream
over a wide range of Reynolds numbers. The calibration was extrapolated where necessary In the low Reynolds

10 number range. No corrections other than this calibration were applied to probe data. An empirical curve

11 fitted to a compilation of viscosity data was used.

9 Since the PT2 and TO profiles were taken on separate occasions and at different Y values, the Pitot data

were faired and Interpolated to the Y values of the TO data. All values were normalized with the simultaneous
value recorded by the fixed free stream probes. The well temperature values presented were obtained from

the Initial no-flow value with a correction based on a heat transfer calculatio,. The computed variation
of TW was usually less than 22 K in the course of a run. Long period total pressure fluctuations of up to
2,6 % were observed in the middle part of the layer and it Is suggested that these fluctuations may account
for some of the scatter in the profile data,

12 The profile measuremeits are presented in the tables for all Y values of both the TO probes. Where two

Y values coincided, the profile data were averaged. The U/UO and M values have been taken as presented
by the authors, and the variations In edge conditions averaged to give reference values representative of

the whole profile (The source paper gives TOD end TW values for every profile pointi. The static pressure
has been assumed constant through the boundary layer, Our normal Integration procedure proved unable to

13 handle the scatter of the data and wee replaced by a trapezoidal integration rule. Four successive profiles
are presented for, each of four total pressure levels, The reservoir pressure variation within each series

14 is negligible except for the last series, where there Is a fell of 17 % from 0401 to 0404. Measurements
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of skin friction In the same facility have been made by Srokowski et &1. (1976). The possible use of

this data is discussed in § 15 below.

§ DATA; 7002 0101-004. Pitot and TO profiles obtained separately. NX - 4.

15 Editors' comments

The experiment provides datA in a region which is not well covered. In Reynolds number and Mach number
range it falls between Voisinet A Lee - CAT 7202 and Hopkins A Keener - CAT 7203. The test area is cylindrical
and 6/RZ is of order 0.7, so that the effect of transverse curvature may well be substantial. Although we
have described the flow as having a nominally zero pressure gradient, the growth of the boundary layer results
in a rise in prcssure ratio (P/PO) of 36 - 55 % between stitions I and 4 (see source, figures 7 ard 8). In
the tables of reduved data below, this is masked for series 04 by the fall In POD.

The data is fairly rough, and showed much scatter. As remarked above, our spllno-fit Integration procedure

was replaced by a trapezoidal rule. We still found differences of 50 % between the authors' integral values
and ours. and so made a check by "counting squares". TVoe trapezoidal rule and quadrature values agreed
to 1 %, so that we presume that the authors' integration procedure was also unsuited to the spread of the
data.

We give below a table of CF values based on the measurmaents of Srokowski at al, (1976), These measurements
were made between Stations 1 and 26 with two different balances. Six or more years have passed between the
two sets of measurements, so that there may well have been significant changes in the facility. We have
not therefore entered any of those values In the profile tables. The scatter of the data was about 7 %,
and we have interpolated on the basis of the authors' RE (x) values. We have very slightly extrapolated the
curve in two cases, and although the Reynolds number range overlaps, values for stations 3 and 4 should

only be used for very approximate arguments,

CF FROM SROKOWSKI at al. (1976)

PROFILE: 0103 0104 0202 0203 0204 0301 0302 0303 0401
CFX1O4 : 8.610 8.05 8.30 7.65 7.30 7.40 6.98 6,53 6.60

NOTE: ab a b a a - a

a) Profile station rete from balance station

b) Extrepolated value,

Table 1. Desitn Mach number history in nozzle

X (m) 0 0.051 0.102 0.152 0.200 0.264 0.381
M 1.0 1.22 1.44 1.66 1.87 2.08 2.66

X (i) 0.564 0.788 0.939 1.270 1.421 1.929 2.260
M 3.64 4.29 4.70 6.32 5.54 6.89 5.99

Table 2. Dimensions of probes (am)

Outer TPP Inner TPP Outer TTP Inner TTP

h1 0.46 0.33 1.8 1.1

h 0.25 0.10
bi 1,9 0.79 3.9 4.6

bp 1.6 0.41 -
1 47.6 35 (E) 47,6 47.6
shank die. 1.52 0.506 3.15 3.15
Separatien in Y 24.1 20.6
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CAT 7002 JOiJY3 BOUNDARY CONDI0TIONS AtlO LVALUATEU DATA. Sr UNITS.

RUNt 'lD 0 T;;JTI qO)Vyj CF Ii12 41H2N. PD
*1 . Poo- PVJI/Pfl. PLI,20 cA 1) M H32Kt Tv.-* Tf

R2 YD To" 5 V. 0&D2 PIZ H42 D2K UPD TA

70020101 5.8600 0.8017 I.S52?'4013 .1 12.3030 1.37542 1.2'93A"+02 3.2q312"+O?
4.3A76".3'2 4.90610"+05 1.0000 7.41970"+03 :1K 1.91000 1.0192 1 . 3 50 q"+ 0 2  5.703h'.OI

-1.52'40'-31 4s.55W+.09 0.000o 1.75801-03 .411 0.552ý. 4.lb~n"-o3 8.0MI0*+02 4.11J40b+02

700?0102 S.7200 0.8110 2.04664+0311Pt 12.6903 1.1005 3.65513"#02 .3.6'583"+02
3.11294.',o 40.000+05 2.0000 4.7178*+03 Nm 1.P,173 1.6090 3.309d".01 5.6702"401
-1.5240o.-01 o.o02e2"+q 0.0000 2.1292"-03 :11) 0.5W11 5.26'77'-(1 9.64530+02 dh0770+.02

1 0020101 1.1800 0.801043 I.19D5403 1P 11.4970 1.41111 4.4340*+0J1 4.4340*+0?
'2.3686,400 12.Svu*o5'l 1.001o10 .4170#~04 -j w 1.82111 1.8037 3.396h*+02 6.4180+01.

-o.5~240"-Ol 4.63#101d02 0.00010 1.0~11-0$ iqm 0.6;9642 13751"-Ol 0.96311+02 4I.2231'0+0

*70020104 5.A510 l.7746 14.4337"+03 AJm I2.Ib02 1.4306 Si.I091*+02 S.I11)9I'+oa
1 .412b1U400 '40%1000+6 t.0000 I.A3441.O4I 'I 1.11M2 1.7941 3.21109"#02 b.b316".0j

*l.5240tO'-0 4.6050$02d 0.09010 3.b577"-03 'Pm 0.5238 Q.3b&614.03 6.9013'+02 '.14W+"02

7002oaol 5.8700 0.8004? 2.514194+01 'dIA 11.6110 1.463a S.712"02 5.72W+.02
e .3l764#Q0 7.9U000*4)3 on l'0 10 .23110"+P'l dw 1.86612 1.021b 3.3600"+02 5.76I15+01

* 1.W4i01-01 4L3l.jS0**t12 0.000o 1.66310.ftl tIy 0.61742 3.7770"-01 8.95041"402 4,141*+95,2

70020201? 5.6400 0.746? 3.291244+os lPi 1J.0163 1.3741 S.96bb6'02 S.9bbe",oa
3.14961+00 7.9Q000'+05 2.100011 t.54900#04 *P4 1.I40'I 1,517t 3.1097*#02 5.91634+01

* *.WQ100-0l 12.61Iq4#92 0.09010 2.105130-01 (IN 0."656' 1206b9"-43 6,940+91.Q 4.1961"+Oa

*70020201 S.6700 0.792* 4I,3010+4.1 JM l?.'1172 1.3751 7.ObbA'I02 7.0666"j02
4 .3b8#%"+00 7.9010,0095 1.60010 I.0sq59'i.t NP 1.4324 1.61V7 3.33226002 6.2151N+01

4.62'-1 149*+1) 0.00110 P.4704*-03 :110 0.149117 4.1609".01 86,qoo.+Oz LI.20111",0

S10uj .51400 0.7072 6j?7b?14+1 :lm 11.b539 1.31136 8.1291"+42 8.12910+0a
4.Abj0"+0q 7.04001+05 1.0003 l.6311950M"o 'Im 1.8291 1.3133 1.28676+02 6.5qlo,.o1

-1.W2401-01 4.7U63"+02 0.11000 3.2182'-03 IN1 0.5637 7.71431"-U3 9.01l91"+U2 4I.2854"+02

T002301 5.4s00 0. 7 *68 4.77144#03 :1P 12.1317 1.3310 1.9140"6~03 1,411641"+03
2.30760#00 a.17004#06 1.0000 ?.1003",fl0i AP 1.8690 1.81275 3.12S06'0+0 6.0Qk0'.0I

-1.52I4140'. 12.9222"tO2 0.00(10 1.2709"-03 .4p 0.539b J.5207'-011 9.31108*.U2 4.4130#01

700?030.' 5.9,500 0.76423 7.110280+03 'IFA 0.710u 1.3196 1.44W+01O 1.40294W03
3.4bW 01.700*t~t 1.0000 3.65S9"0#04 tiN 1.87t9 1.00121 3.4134"+02l 6,O810*401

-1.52400-0I A.9130*101 0.0000 9.067b"-03 W. 0.6341 4.28'I3N.03 0,30284+02 £I.16600+02

70920301 5.750g 0.7ohI 1.05o5"tOtl NMA 10.25314 1.3160 IdU826#03 1.75184+03
1I.Sbb5'&00 ?.1700"#06 2.10009 4,64W+~041 :,p 1.607a 1.51103 1.'48b8'60 6.51a9'0#0

-1.5alo0'.0l s,.0o36"#0o 0.11000 2.41757'-03 NMP 0.72712. 5.,3634".03 11.3Aibh*02 4.5516'+02

700?030'I 5161)(10 0.7827 1.211e,5,01 lip 11.12150 1.31Mb l.b960 1.9600+,03
5.'46101#00 2.17W06~0 1.0000 5.4772N+0i JtA 1.6552 1.60a) 3.4ail2'e01 64.9120#~01
1.5P401'.01 2.81030+02 0.0000 2.6%13N-03 .4') fI.S3 '4.9767"-03 4.1453*#0? 'I.3776*0#0

700204001 5.96000 0.7773 9.2'3570#03 lJ1d 10.6693 1.3223 2.7dJ11*,3 a.714114+05

2.$76hO 12400*006 1.0000 4.:35394041 APA 1.6751 1.8327 3.6122?'02 6.07300401

.1.240-0 111150#a .Ono .365"OJ 4u0.714t4 1.8301*-03 9.49b1'4t)i 4,61272"+0?

3.11096'060) 12.14140V06 1.0000 5.07S3*,012 !4v 1.WO 1.8421 1.6?19',02 6.%0960+01
"I1.5200'oIJI 5.0ý51t+02 0.0010u 1.60350-03 ;4m U.S906 3.!i35b*-01 9.12099'.02 dI.59711"+02

7002010 S.78000 0.79A18 1.77%0*0o1 ojM 10.01431 1.3058 3,O4bg".03 3.0964"1,03

4.300000 3.4900#06b 1.)0000 11,1744"4,04 :4P 1.864(1 1.56b6 $.5,V08*+0a 6.36014.01

4.6673"t02 0.00110 2.3807*:03 .~4 u.757 5:.0029'"03 i4A+2 .45*1

-1.5411"01 lI.4560'o00 0.0000 2.31180'.03 :pl 0.51111 S.3277"-03 O.2018"00?125l'0

TPAPEZOIDAL HQU~L FOR2 ALL INJTEGRATIONS



70024-C 0

70020401 JONLS PROFILE TAAULATIONj 50 POINTS# DELTA AT PUINT 46

I y 13T?/P P/PD TO /TOD A/I-il UuUD T/ID RHO/Q1H00'U/U0

1 0.00001+00 0.0Onolo0o NM 0.70510 U.00000 0.00000 5.716800 0.00000
2 6.0460"-04 Q.40?1*+00 NM 10.79957 0.30936 O.boasý 3.869650 0.15727
3 1.0668*-03 6.3240"+00 NM 0.53777 0.35biq 0.07399 .1.58059 0.08102
4 1.20192"-03 6.5964*+0O NM 0.841100 0.3b288 0.661919 3.51107 0.19$11
5 1040.69-01 7.5319"too lM 0.095043 0.39130 0.7153b 3..$42.07 0.21405
6 I.S?36'-Os 7.7742"+0Q NM 0.864?16 0.39799 0.72335 3.30327 0.21689
7 2.2860*-03 8.4j00"+00 NM 0.86771 0.140o39 0.73993 $.1576 0.93432
8 2.7432"-OS 8.98201400 NM 0.87502 0.42977 0.7%342 3.07M3 0.2515
9 A.20040-03 9.3166.+Oo 14M 0.87880 0.9'4314 0.7e6491 2.97q4l 0.215674
lo 3.b%764-03 1.0142'01o NM 0.311652 0.45519 0.77860 2.86904 0.eh957
11 4.1'14a"03 I.0altifo NM 0.19189 0.47492 0.74219 2.76241 0.2P471
02 S.16160-031 .195'1"m0 NM 0.649403 o.50000 0.91067 a.6267t% 0.30839
13 5.33404-03 0.20160liOt NM 0.90395 0.56006 0.81367 2.63149 0.3M9?3
14 5.6366'-03 I,2294401 NM 0.90357 0.s0069 0.80637 2.59716 0.309411
Is 7.01044-03 l.135740t0 NM 0.q0697 0.53344 0.41#135 2.3b 0341688
t6 41.0~96'-03 1.4662"+01 NM 0.91014 0.531ts6 0.844974 2.31sll 0.364968
07 k.10;1,'-02 I.71056'810 NO' 0.91M9 0.60201 0.87032 2.091063 0.490b41
18 I.3666"-02 a.00st"to1 NM 9.12379 0.65217 0.80024 1.810630 0.147779
09 1.6107"-02 j.74"0 M 0.103659 0.09565 0.910005 0.700%6 0.51175
20 1.82684'-O 11.1014"M0 NM 0.9429') 0.73077 0.9?267 1.54196 0.570076
21 2.OS7I1-02 2.7829"+OI rim 0.93947 0.77090 0.91106 1.441A67 0.63629
f2 41.10310-02 a.fl4?5"4C1 N4 0.93786 0.77926 0.93416 1.930q1 0.6414S
is 2.1184'02vi aaswf%"90 NM 0,94'476 0.780404 0.93596 1.43602 0.635S9
24 a.1641"-02 a.91501401 NM 0,93199 0.769$0 0.114165 1.1423ql 0.66093
23 0.1793"-Oa P.9.19J3+l N:) 0.947p3 g.79.764 0.939754 1.L0564 0.66856
lb a.10461-01 A.406361t00 NM 0.95405 0.79599 0.99385 1.140613 4.67024
a7 2.?2150o-02 1.0007*401 tip 0.94566 0.80100 0.94075 1.37938 0.662010
26 2.2706'-02 1.0ba7'400 Nim 0.94940 0060936 0.90433 1.36137 0.693147
29 2.l3bli*-02 1.1127*4610 lM 0.94667 0.81603 0.94,135 1.3391th 0.70309
.10 2.3622"-02 11.169S*401 NM 0.911943 0.52356S 0.95291 1.337142 0.701'M
31 1.4079"-02 3.25250+01 NM 0.95950 0.03945 0.95)134 1.30M9 0.72962
32 2.31140-02 3.19W+~01 NM 0.9%105 O.83a69 0.91364 0,2S034 0,76270
13 1.5294"-02 3.39514"40 NM 0.96341 0.542114 0.9S1711 1.26639 0.73765
39 J1.5603'.02 1.414610#0l NM 0.98681 0.839,43 0.95661 1.29390 0.7706?
IS 2.6506*-02 3.4643"f01 NM 0.96420 0.87950o 0.96393 1.20416 0.793410
16 i.b973*-O2 A.63%gom0 NM 0.96916 0.58.144 0.96533 1.1953) 0.807369
37 2.5190'.02 3.71F31*4l NM 0.96011 0.84167 0.96905 1,16038 0.43518
16 9.9706'-02 s.qla*+o4I NM 0.96354 0.9097S 0.972010 1.1l69'j 0.870RS
39 S.1090*-02 Q.0840*+00 NMp 0.97196 0.93643 0.99402 1.041744 0.64392
40 1.1147'.02 s.la7s*+01 NM 0.97492 0.4914? 0.T41012 1.06738 0.90086
41 3.3633'-02 4.3330"+00 1114 0.97967 0.90448 0.9ft311 1.U'12P0 0.914966
42 5.62710-02 4.11I31**01 UpM 0.990965 0.96995 0.99440 0.01066 0.97sa66
43 IM6760-02 4.3263of01 NM 0.18260 0.98,162 0.96971 1.100627 01.963564
44 3.6I0OP-42 4.56813001 NM 0.99506 0.99311 0.94700 1.,0476S 0.919,33
43QS 90'0 4.6507~*01 NM 1.00160 I.O0000 1.040090 1.00180 0.49910

0 46 4.11156*-02 4,6507**00 NM 1.00000 1.100000 1.0000)0 0.00000 0.00000
q? 4.1J4021.02 4.b331'*00 NM 0.99401 1.00000 0.9"1700 0.4940l 1.90301

46 4.9&320-02 4.bsolt'80 NM 0094323 0.00000 0.99500 9.99M2 1.00492
489 3.31'0 .b307*f0I 11M 0.99740 1.00005 0.99670 0.99740 0.00030
40 11.0401-02 4,b5fl7*10 NM 0.999101 1.01000 0.1"1700 0.99I410 0.90010

INPUT VANIADLEII Y/RNoJ/UDPII AUSILOOE PmPO
At 1922.11.0 DATA 8CftE AVERAGED

70020404 JONES owiFLE TAIOULATInN .7 O*INTS, DELTA A? POINT 24

I y PT?/P P/PD TO/IQD N/NO u/Un IMOr n~o/RHfou*u/uI

1 0.0000-400 0.0900't00 111M 0.69743 0.00000 0.010000 3.11344 0.00000
2 6.040600-04 3.227'4+00 N4M 0.80066) 0.241AR3 O.S9644 4.d6711 0.1al33
5 l.5830"-03 5.4378'+00 14M 0.615832 0.314144 0.63605 3.606111 0.0*069
4 3.0400*-03 6.54400+00 tidM 0,87695 0.1813? 0.701315 3.58166 0.20135
3 4.11460-03 7.2318,+00 rip 0.68622 0.40246 9.724110 M.4072 0.2233.
6 S.0511".01 *.06100+00 NM D.O0O0 0.92707 0,71049 ).06611 0.24302i
7 7.92944-01 9.2443"+00 14M 0.91151 0.4116170 0.775118 2.85669q 0.2702
a 1.3l594-01 13141120+01 NM 0.92120 0.30106 0.61076 g.S5446 0.32063
It l.8I36"-ol 0.3167'0+0 111, 0.92260 0.53065 9.64075 1.32000 0.16222

t0 2,01174".02 1.450,0t00 NM 0,92330 0.57M9 0.85139 2.20624 0.16333
11 2.1193"-02 ':4 7414#01 N4M 0.92465 0.35529 0.651774 2.14600 0.19931
IN JI.30)12..ul l.1354401 NM 0.93262 0.57%74 0.86693 2.00492 0.90086
13 J1.90791-02 I0.3646fal NH 0.91403 0.60305 0.87at) 2.03700 0.42316
04 8.56034-01 1.6604'$01 NM 0.93973 0.61224 0.68062 2.00135 0.43953
03 l.7089*-Of l.1622'*0 N4M 0.91967 0041464 0.66812 1.91663 0.165333
06 1.0785~0-0 0.15'fl M 0.94461 0.66060 0.90061 1.60`10% 0.u49764
t7 3.12.13'.2 2.0394"f0l lip 0.95200 0.69069 0.90161 0.?4a01 0.5?330
06 J.6000o-02 2.28`16't00 liM 0.93426 0.73286 0.92540 1.39300 04.56064
19 4.1300*-02 2.4710#419 NM 0.96064 0.76174 0.93609 1.50620 0.62149
20 11.07119"02 3.817411.01 NM 0.96030 0.1111437 0.96640 1.2649 0.1420S
al1 1.6083*-02 3.50021"f1 rim 0.97304 0.91017 0.9?307 0.04230 0.8%170
22 6.100u5-01 3.0610#'01 tim 9.99076 06911604 0.980,07 0.070435 0.984107
as2 7.60460-02 4.211100#0 tim 0.00072 0.00000 0.900066 0.00072 0.499919

0 14 7.71W4-01 4.L91300*00 NM 0.00000 1.08000 0.00000 1.00400 1.00000
as 1.209i4'-01 I.110*+Dl0 NM 0.99672 1.00000 0.99836 0.99672 0.00114.
86 Is.4020-01 4,21050+01 NM 0.02972 0.00000 1.01473 0.01972 0.9#1146
A7 9.70760-08 11111504*0l NM .0.2992 0.00000 0.0036 0.01991 0.9sti37

INPUT VARIABLE$ Vill'IJi'UDOM AllUMF PaPD
AT M1.2,00 DATA 109111 4VINAcoI



70(3-A-1

M : 1.75 to 3.00 in steps of 0.25 7003
R THETA X 10"3 : 4 - 10

TW/TR : 0.9 .. 1.02 'PG-AW-lIT

Continuous channel with interchangeable nozzle blocks. W - H " 0.10 m, L = I m.
PO 1 0.1 MN/m2, 280 < TO < 420 K. Air, dew point 240 K. 5 < PE/M X 10-6 < 14.

MEIEn 1.0l,, 1970. Experimantalle und theoretische Untertuchungen von turbulanten Grenzschichten bel
Oberichal'lstrdmung. Mitt. M.P.1, und AVA no. 49.
And Meler 4.U. private coimeunications.

Als9 (Dats superseded) Meaier (1969) and (1967)

I The test boundary layer was formed on a flat wall facing an interchangeable nozzle block. The throat (X*O)
was alwys at the szw pusition and measurements could be made using six ports spaced at 45 nm intervals

8 from X w 425 to 660 ra. The surface of the plate was polished and it was not actively cooled. Constant wall
2 temperature was reached after one hour's running time, A calibration of the tunnel (FUtterer, 1967) showed

that the maximum Mach number variation in the test region was 2 1 and usually it was less. The nozzle walls
3 were polished but disturbances due to joints could not be completely avoided, The location of the unforced
4 transition zone was not determined. The test boundary layer had experienced the strong acceleration of the

throat region,

6 Static pressure and wall teperature ware measured at each profile station using an Instrumented plug The
static tapping (d P 0.4 - 0.5 mi) end the thermcouple (chromel alumel) were 5 m to either side of the
centre line. Measurements wert made simultaneously with the profile traverse.

7 Total pressure and total temprature profiles were obtained in o single traverse with a combined pitot /

total temporature probe. The front face is circular (di a 0.48, d2 w 0,40 m) and is followed by a conical
section (a m 6,6 0 (E), I a 4,4 ra) leading to a cylindrical support (d• Iw 1. mu), The overall length Is
4 m eand the probe was Inclined at 70 to the wall. A thermocouple bead is supported by its own leads 0,4 mm
behind the npening, The leeds are kept coaxial with the support tube by an insulating spacer so that the l/d
ratio Is greater thin 100. The supporting spacer is located only by three ridges which allow air to peas
through the probe and minimise conduction errors. The probe is used alternately as a CPP and as an STP, when
the probe passage is switched to one of a series of calibrated orifices so that the mass flow may be regu-
lated and measured. The effective thermocouple recovery temsperature calibration is obtained as a function
of the mass flow with the probe In the free streams, and becomes nearly constant when the mass flow Is large

8 enough. The design and procedure are further discussed by Meier (1967, 1969). In the test zone the wall
static tappings and thermocouple beads ware located in the plugs at each station on lines at Z • t 5 mW
and at the X-value of the port centre. The traverses ware made on the centre-line-normals through the port
centres.

9 The data ware reduced assuming constant static pressure through the layer. The wall shear stress was
deteruinad from the velocity profile using a best-fit matching procedurt to Rotta's wall law and Colas' wake

11 law in transformed coordinates, The author assumed a rocovery factor of 0.894 and used Sutherland's
viscosity law.

12 The editors have presented the data incorporating the authors' assumptions and calibration procedures. The
boundary layer edge state (0 state) is here calculated from the experimental data at the author's selected

13 edge point. The author presents adiabatic wall date for six successive stations at six Mach numbers. This
is presented in full (0101-0606). A series of single station tests wos made at each Mach number, In which

14 TW/TR was varied. These are presented as series 07 to 14. The author's shear stress data, deduced from
the profiles, are also presented.

*OATAi 7003 0101-1402. Pitot and TO profiles. NX or 1.



7003-A-2

15 Editors' coments

The special Interest of the experiment Is the use of a fully developed combined pressure-temperature probe.
The thermal conditions, however, are never severe. The experimental range is covered fully and systematic-

ally, but the upstream history is not known. Experiments with significantly overlapping ranges are those

of Stelmach - CAT 5802 on a tunnel will, and the flat plate tests of Coles - CAT 5301, Shutts at al. -

CAt 5501 and Mabey at al, - CAT 7402.

The profilos are described in fine detail, but In about half the cases measurements do not extend within

the momentum-deficit peak. There Is evidence of considerable disturbance in the outer region of profile

0506,



CAT 7onSl MEIER4 InUNDARY CUjNU?1?QPJ ANv, LVAI.UATFUi WATA. 51 ON11Tl.

RUN MD 0 TkIIYR PL02W LF * I12 ltIcK P flP
x POD PN/PD* REr,4 n co HI? 023K TWo ITD
RZ TOD* SW * DaN!, HdI2 J?K un 7

70lOiiulu 1.717o 1.0031 9'12"ts3 2.1AWo-0~ ?.676U 1.54911 j.b792'+vA ).j7gý-+1)

£NF~ti11r ?.Flbf0,~n2 0.000 41.116971-04 0.0000"400 0.0dbl 5.0l569"-04 '4.0116N4? d.i7.07#Q

'4.70u00-01 4.3OW)"0 4  1.0000 7.1021*+03 NY" 1.8179 1.dtd4 d.II764"o 1.0 0-40.?
INfYN~Ir ?.4b~IO~0d fl.0000 I.WQIS"0'4 iJ.(0000+00 0.0.00 u.490O"-44 ~ d~6''7 i.II6'4A-+

76014101~ I.709'U t.6094 'k610 d.l69ft-OI P.606*0 1.3945 1.6490;0+0 1.6111110+0
S.ISOON0~1 9.441117"04i I.qOoo 7.qo51",03 14* I.80o'd 1.1409 .U/4? 1.64W&+Q?

700101uq 1.4*010 1.0031 h.4919"#03 9.9810".03 2.11 1.4316 1.46U04#49) 1.9~0u0040d

1NFTNI-r1 4.19n 1i.0000 h.9716*40 4M lj99~~U .db4 1.7697.0 9.b~jq*+ul d.8%o~4 ,p

INFINTIIF 2.9u3g0,na o.n000 7.obbli"-0 0.000004o 0.0dbv 6I.42,49".9 dI.bll!*+' d,700'b'U?

70010105 1.4*700 1.0034 1.1463POI0 d.0570"-03 2.617 A .i~ 1. 921 *#07,d lo.04t*#04
6.9500*.0I 4.49Z6004 1.0000 1,0046804 NM 0.A001 1.7960 i.74*13.u 1.0biOlu
INrINTIFI 2.9'Sto.n2 0.40009 7.a4hW-O4 U.00904+00 0.0d91 tl.b235".Ud 4.6219*",2 9.7400'.U?

7003070' 1.6970 1.0071 .0511,0+63 94030g0-u'1 2.1941 1..1P1 1.8697"+4,u 1~d.66~970+l
6.256OV.UI 4,1574"#04 1.0000 1. 3.00300 41 1.8011A 1.7941 d.Ma3,u? I.lduIIT'*0
INFINIIft 2.93Vo'*tn A.OQoQ 7I.45480-04a U4Ju' 0.010+1 0.0407 U.62351-4D '4.1,AV304? 9.14111440P

10.?P I~u ~ I0978 1.4597"toi da.4o,1"-bJ 3.Id9% L..40#4 ladnfl'U4 ld~o')'q~vI
.9.7000*-01 4.994q0#44 11.1000 4.1975"+03 lip1 l.B.eld 1.01711 4.66b9)7"o 1.d.7010sup
1%F 14ITf 2064002n D.OM0 S.P91144".0. 9).OO000Wo0 -0.014V op.IAIF" -0 S. 130040u 2. is41414u?

700110VI I.olgi0 l.Ouol 4.6097*,01 9.9004-01 1.0671 1.471*1 l.%4*j I.Sq'.g~m
5.14W.010 0.bdf~l.+00 I. mQ00 7.4777*.0. 14*' 1.7bbu 1 .77.Aft 9.b0U94IJ7v i~uoqq"Qp

ZNFINTIrI -.7.14*+1g' 0.600Ylg 60337'o-114 0.00og0,g0 0.0107 fu.j*-ua99) b.09 *4l g.9P

S .6000".0I 9.64fl 1.9*600 5.00aOlM'l '1" 1.794*6 I.19'? 9.40,4 k1*lip4*7u
INF161Ir P.409*02 na0.09) b.6671"-94 Y*.V00IJ0A4) 0.01117 0.9140-0

1
.U S.V914164kp dcq.olu W

70616 1.44a9'I I.flu)o *4.613u".o I. *I*-.iii ?.9719 1.3793 I.Pl"odo" 1.A~Avl9',u
*.II.010*l %J.~",no 00)08.O3 a'bl ~,Iolfj Jm 1.791*4 1.1877 d*70I3w4Vl~1~0
P4PNIVINC 2.49791oi0 I.OunlU '1.~0971-4 0*00991*9floo .O. 0.04091 '.?00-04 tiou*4o7"uP. .V.?

70019)304 1.1100u 1.014*9'i .J7Ifl3ot 1.914bo0-yl 1.0719 1.34116 1.01404011 'd51.01440
40.WlA"oOt 9.51111yJffli i.0000I S.(191136401 AM 1.0j3,h 1.Jlu4* d.1lV411 l l.4940,
i~rNvi*I P.6031ong. 4.09000 4.11115".0I4 0.0111061W 0.0344 11.,)9l0.90, j..1709*67 d.170d4,up

100$3vlo ?,19ou 1.4174 ~.404771+61 J.uI7004-0 30a941 1.39'* ',u.1aw* y'*jflo**w
d4*2%0o0""0 9.60141'il.v4 1 .9'05l.Q I4 1.R91434 1..0106 4.0930?*? .j4U

7001001 P.ll4g 1.0030 1.AIIS'+0 1.06510-9) 3.49?1 13 4 4.B~ .1d,1014 4.M0134"401
S.I0vkl'.0l 9.67bl~fnio 1.000V 61,AQ0,0+o lp 1.002)11 1.71096 j 014,47o? I .,*9dftv+Q?
virtONmi a,q?6v*gq~r 0.0loo0 01.44)AV-61 0.0000"'o0 0.0*4*9 1.UAi..*9-0)Ib14'1Pu ag.64JA"4?

70010039 2.111,40 1003Ve 1.111*%8+61 1.99100~-03 3.4905 1.36.0 0,94901"#01 b.70**1403

INFINTIi 2,'100oood 0.0000 e5.44AW.9lI 0 06000#0u 0.0.4*i 1.4JU41-9)* h.44170w? * ~ d*V

700101011 Il9l 0.0498 Nds~9940.0 1.91$00-03 3.*9W0g5 1.&bus b05044-01u bt.7401440j

0.01100-01 q.646400jl4 1.60000 7.4ah1,0OJ lip 1,19)6.6 1.71111 d.IS404+0 1 . 144t) 14up
I NF 1,411F 4.AuNOW f09 01.0o097 .nflbs%*0,a 9.t)0 0.0401 40 ~10-0fl S..140040? Rl. th"0.u7



7003-11-7

CAT 70IJ MEIER 811UNDARY CURPITTON3 ANLI LVALUATIM UATA. 51T UNTTS.

RUN MD, TW/TR RA.CI.W cr H12~ IlId" H
X * Poo PW/PD* ALo~o co H37 1132H THM' ID
HZ YOD* sw a 02112 H~42 L)? UO IR

71003Ilul i'.4170 1 *Od 30 '*blq Y "tAl6 d. U6"0'-Q1 1 . 1 *i1375q 4) b. 1jp",+V A

4.2%010-01 'I..!obI9" I*IAuou ~It 046b, 41) Jim I.A?44it 1.7"1111 e.b~e1"+w? .Ia"

INFINIr 11 I ."90v1n ý !OJI 3,11 '-o-& u 0. 0000'.Uf 60 1. 0l'i .u7ý3-UIJ ~.I'"+0 .j7AfPsJ

4.Q0QQ4.0l 4.610?"41144 I.Ati00 q~'.04N."+0 14NM 1.7904 1.711"5 9 l0d6'4.I.

7o0V1040% ~ .1 j40 As I 7. 14,1111011 .O1 b0*.43 3.Ouii 1.$ll b.s,?io"*o1 (I.&P.qul

5..1 So0-11 I,0070*O #14,.04)111 K.Ak0I7#61 lip 1. i47-4 1 .11115 l.~~'i .IkaE..uP

5.6000*"0l q.1737"#6dI 1.4u00 .4m?~t~ NM179111 1.71.41 e.1.710F1"s1.1411104'Q2

INFYNItr ?4qI9l*+"4 0.00901 6.0bi'.4 Q.1000O'.u0 0,0O130 10. 036
7
-ill, 5.0i.'low # d.1S01up

70 34 0 2'I. 10 1 1 tli* 41 .2 . 1 3 9 0) 1' 6i .o ~ N U 1vl~



CAT 7uAJ tlE IER UnUN1)AR C.UND)ITUNS ANU LVALUATFLJ vATA. Uj! IINTIS.

RUN MD) TN/IN AL02W~ LF H* 111 SK PW f
X POD pvM/pDa pLuaf caHi012 TM, Inl

Rl TOO* sw A D2 PIZ* 4 up nI

0.01500,-01 q.16001,fl 1.0000 Q.%940"60Jf NN 1.7777 1.76'j6 3.URUo"#v? d.068N"002
INl 111111 3.2s~g"+ne~ 0.0000 A.4067..44 U.0600*0+Uf fl0lAU 1.00.sq"-Ul £6.b~u3"4V? 3.1.1'72"4u?

6.01sooo-oI q.21qW"fO4 1.0V00 4.0021*03 NM 1.7?8?¶ 1.77.1) s.b~b6'.#o? e.u7Rl$Uv2

b.0i060-01 q.lt'JI4,oo 1.0000 7.43111's6i NM 1.7060 1.7
7
0A 1.06A"40?o 1.6pum"40?

INFINIrE 3.213t3,02 0.49000 7.34894.04 0.0f0000+06 0.01%1 9.16.dlo-0' t).1240#0eu A.YQlb"+vP

7003060? 1.98110 0.91S'5 dl.30E,1'03 d.omblb-ul 2.8#40. 1..1807 1,dsU?'4uh 1.938p"404
6.0suflo-o1 9.40020+04 1.00009 6.U21'.oh NM 1.469 1.711.S 3.1717"402 9.162002
14F~INJII 4.2344'0#0 0.40000 11.S7&' -O 0.00000Wf 0.1411 1 .0~5W-0 6.I?200+0? o.loOOU'oo

*70010400 2.19.40 0.9.o38 1,Nb*+'0) 1.9F.O0'.01 I*S42, 1.371d3 80.3 .u) b.70S)N4.u
*.051)0"-Ol 9.'16119"*D 1.80000 1.AJi7't6*0 N4M 1.7976: 1.18,57. s.7IS1.'$.j 1.4~0100
INFINIlt 3.2215"+f0a 0.0000 7.40160"0'I 0.06000'.l 0,l091 1dt3'03 b.l/Q4yp4 1.U361 h4v?

7003040? 2.01640 0.e0M 3.453e7,03 1,9AJ'-ul S.?17A~ 1.o4'40 b.U41Al'3 9..u1A"*03

6.0%001-01 4.1870*+64 1.0000 k.2131,403 NN 1.74160 1.7571 3.U1040"40 1.'4,tnl'407
INFINITE 3.2306"M~ 0,0080 7.176.1"-flu u.00000#00 0,l1%1s 1.0514m-ul lj.93d'402 1.04010492

7001100? ?644*0 0.4187 P.96320+03 1.97100-03 3.7Y9d, 1.14qql b.204A".0 b,.~f040901
1..0suvin-91 9.71,970+04 1.0000 £4.0713'*03 N" 1.71.39 1.7413 3.6)'48'*o2 1.911fl.01
INFINtftI 1.1960'0+ft 0.0000 S.3434.J0.O U.00004400 O.Iilu 6.1b'3 1.771401el ,1.941U60#02J

4.0I00-ot 9IS24,4*11d 1,0000 S,49510#03 14M 1.777U 1.7Sb0 d.4013040? 1.1I9,10'*up
1NriNTii 3.ld~bo'.0 0#0000 7.42611-04 0.0000'400 0.144i! 1.0890'-Ql U,A111A402 £.Vudqw+Q?

*,09ON00.0 9.790.0s044 1.0900 A.061.0"*03 NM 1.7740 1.76,8 3. "014402 1.10697*40p
INFINITt *.IO11doloI 0,0000 0.0657".04 0.00000400 0.21401 .1.~1640-03 7.13141*40? .1.9406*402

1.,O059o-oI 9.7443"+04 1.0000 11.B216..03 NM t.7640 1.76417 2.953i700 1.1796"'402
INFINITE 3.170.'.0i 0,0000 7,009oo-04 04.000*0',0 0.1614 l.aob7"-us b..3.q"14qu? 2.9S3WWJ

7001120? 1.6fo30 0.4960 2.16340+03 1490600-93 4.3193A 1.41Q4 3.aqW1'.3 3.41.d10#us
64,103of-01 q.64110+0id 1.0000 4.14d66"003 NP 1.7777 1.71%S 3S.'10,02UI .F90940p
INFINIff 40I1964~000 0,0000 906.49%'0.04 0.00900,00 0.1641 1.974oI-Q3 7.03600402 .1.y13.os

POD CALL[ILAT[U FROM T00,RiiOD (AUTHOR)



7()03-('-l

70030m01 MLILR PRflFTLE TABULATIONd 25 POINISt UIrLTA AT PUINT 29

1 y PI7P'P P/PD To/roo I4/Mri U/U0 T/TV ~nO/Rtflfu*IJ/Un
1 0.0000"0fl l.0O?)u~f00 NM 019,1467 0.00000 0.00000 4.070lia O.000014
a2 .67)00"O'Il 2.2079**00 Nim 0.96175 0.46693 0.a0147 1.o0eflh k.36218
3 1.00001-0' 2.?ZALJ".0O NM 0.96286 0.461554 u.,flsQO 1.66160I 0.363&06
4d 3.2000*-0U 2.?709",00 NM 0.96221 0.47052 o.oI1ql i.b60qs o.37109
5 3.ý000~-0'4 ?.3&I4u1#00 lip 0.96300 0.dJ81". 0.ca?3i!) 1.b3LI45 0.38126
6 4,.0'000.-04 2.tI2911#00 N4M 0.96307 0.'4q991 0.#j3520 1.61688 U.9.~
1 5.0O090104 2.5760,100 NM 0.96328 Q.5t9B'I 0.05499 1.56752 0.'419'54
a F.50004-04 2.88?51+00 NMO 0.96,571 O.tM912 Q.UQ174 1.51061 9.4q1qi
9 1.00000-03 3.15&40+00 NM 0.96653 0.54174 0.72164 1.44731 0.48521

10 1.1000~-0130010 NM 0.9704? 0.#62355 0.75008 1.4M74h0 U.S6100
11 1.6000*-01 3.idCQ4*#00 NM 0.973'b 0.b66444 W.7WI I.3961ij o.56u61
ld 1.90000-03 '4.030V'400 NM 0.9776S 0.6845.4 v.b0129 1.37uli~ 0.5048o
t3 d.20001-03 0.23iju4o0 NiM 0.98123 0.71102 v.0237t 1.3340~1 0.4171ti
14 2.50001-03 4.2.00 N4M 0.9034i! 0.74028 0.O6ft(c. 1.S00143 V.04926
1b 3.0000*-Dl 9.1360~+00 NM 9.908119 0.7mb66 0.0769v' 1.20468 9.70so86
lb 3.5000-03 '5.b3244l Jim U.9q.140 V.02be8d 0.9fl4A 1.197sh 0.MO565
11 'i.00000-03 i.0841",too NM 0.9,06o 0.06267 o.9?770 1.114646 0.00214
10 4.5000*-03 6.q2W+~0Q 14M U.g9999 0.90969 0.9074b6 u.l7' .0076
19 5.00DO0-03 6.0067"+00 NMO 1.000?1 0.9?'406 Q.969A6 1.Os!)7u 0.08O84
20 5.5000"-03 7.2041+00 Jim 1.0019 0.9450s u.97440 1.0607L, 0.91909
21 b.00oo"-03 7.1496v*+D0 14M 1.00146 0.96,067 0.9P444 1.1139?b 0.9472b
22 b.si000-Q3 7.b41I.4"+80 NM 1.00103 0.97bR7 0.9p93ia 1.027144 0.964216
23 1.0000".03 7.140119"400 NM 1.uo0169 0.9815? U.99404* 1.01630 U.97864
2d4 1.50900~-u3 7.069"+Do NM 1.4011111 0.91J.64 0.94749 l.u0777 0.98980

D it U.90000"-03 6.nQ20O4fl0 Jim 1.00070 1.QO00 1.00000 h.un000 1.00000

INPUT VA'41A3LLS vo.l/I/i),/flo A8.¶UMI PaPO

70030409 MLILR PRO14P1L TABULATlfON ?d PojltIrS# LJLTA AT 1% TNT 0

I y PIPIP lV/&fn TWOtr M/41)f U/Ufl T/Ilb '44lf/ptIOUI/Ujo

1 0.00000+~00 1.0vo0,"t00 f4A Q.91160Q 9.09090 0,0000o 9.07444? 0.U0000
2 d.6400"-04 2.116300f0 JIM 0.960'7 0.45025 1).566.59 1.168d02 0.340611
3 4.0000*o-04 2.1163"+Ou 14M 0.96047 0.41.1262 0.5011JIM 1.bsgld 0.4486d
'4 4.9604"-D7 ?.l'jlu4o0 fit, 0.96190 0.4560ui u.59379 1.b74-,l 0.351409
5 £.6000"-Q4 2.2304*+04 Jim 0.96179 0.47U19 0.4.0041 1.6157P7 O.Jbbtl
It 4.@00-0".0 2.30300+00 NM 0.96184 0.46111 0.04052 1.64U20 0.17544
7 5.0090m-al 2.11171"no1 NiM 0.96234 9.580Mi 0.060O4 I..62461 0.4410.1
a I.unuft"-04 P.6400!.00 NM 0.96.461 0.03409 0.068417 l.66426 Q.41261
9 1.0o000-03 2.Qalol+00 NM 0.96646 0.6639 0.09720 1.15pbli 0.4116?1

j0 1.00-3 ..0"u N 0.96#464 U.95 0.7?6ss3 1.481100 0.48116

11 1.6000"0-13.4spil"'Ou NtM 0.9743q U.0461 11.715011 1.29022 6.6561.o
19 3.5000"-01 1.7i'3''.+Q NM 0.97M3 U.0785 0.?7590 1.20915741 37

17 4R.0000"-U3 q .?4aIJ4! +aV im 0.98de0 1..0.1023 0691i64 1.450442 (6.40t19
to 3.000o0"-03 o.07?450to Noo 0.9910 o61116i 0.46 .903 l1U. 007a 120 .7991
19 3.600"010 .76~0 NM 1.90214 U.0.1058 0.09046 I.1?611 U.104706
20 4110000-03 56.870lOv im 01.00208 0.9213 U.'9A156 1.09176 U.01191
ta fi~o.U000-. 6.7240+'00 NM I1.00369 W.94u19 0.97686 I.06J7M U.793/4
9 5.50060-03 6.14760+~00 Nw 1.00307 (044075 4.98116 1.IUA36 0.49030

20 S.5000".413 6.701'/80. Jim 1.U0320 g,97775 u6.90109 1.09061 0.968146
21 0.0000".01 7.8222'0M NM 1.0028 .475 0.91laY U97110I 1.0047M u.91198a
2.1 ii.o50W0-3 7.47014-4,00 NM 1.10ý017 U.9921Ud u. 041 1.043314 u .94.04
2A. 1.0i0~00l0 7.P676f0*n Jim L.00410 V.9969 6.90110Y 1.014611 o.99.ov

27 '4.004"~-01 7.4977,140I Jim 1.uflops w.99910 1.Vo090 1.OOIO 0.996500
0 18 9.5mo.-ol A.1100131+00 1d 1000 1.100600 1.oUiflO 1.014000 1.086O

INPUT VAr~j &uLLS YoIl/lIus. /11 AV~Uml. PoPil



7003-C-2

7003nans~ MLI1LR "nflTLE TAPLJLATInflh Pd ;,'rIPITM IJPLTA -T PON~T e8

y P721P P/PD TO/TOU WHI/r UunIr I 17l, RtiO/R,1l~lu*u/ut%

I i.000014+06 t.non'f''u 4im U.94" 7 5 U'pol Ij.Vvonl ~.OýIN U.Uunuu
2 .8fliJ0-D44 2.tIoAS.00 Nm U.95957 U.'sUl! 0104 1*O~u .,Jr.Aj V.3s91

'4 4.ý000"-0' 2.P.2?i1fl0 Nm U.96412 9.'6bl0l 1.070V8 U.4~6002
5 .s.0o(1-0L4 ?,.201"+ou Nm u.ib~l? U.'4743.) ;,Om I.fthd4' U.6l

7 !b.Q0UO*-V4 ?.Ad'J"+0u N04 w.9bI37 u.b()f:S O.gj396
9  

1.01611 l.3t42?j
8 I.bOOO"-04 2.?u0u-s00 1M U0641i9 1).53744 V.041`19 1.57WI 0.M?073
9 t.0000'-03 P.4A*fi aT')+n 4M lj.96634 0.50f470 j wa~ll"IA L.bL4S U.g4!503

10 I.J0Q0"-J3 3.2234j"+00 1dm U.96911 Q.b'M4g9 ij.72e 1.'4'444 U.4dA5A
11 1.0110 3.q8?b"+qO tip U.47.dhý ul.o?.104 u.7526l3 1.'4564A~ U.5167
12 1.900*O-03 1.900 Nm 0.97028 0.41 4.77110S 1.'4A%7' U.5~391 54
13 1120*0 3,43441+60 lit u.97904l 0J.068V 4i."0041 I.3qv't2  U.ýO 13

15 .3.00000-03 4 5849"+l0 141, 0.9SI01 0.11U41~ U.1AIWJ 1.Sl U.053~
lb J.5i0ut"-03 'I*:8U4"Ot 0 . N01M C.9L416 0.76564 0.065901 1..V~ U.0~701
17 66.0OW)0U3 5.'d2AItolJ lid o.94$?7 0.800po U.00167 1,9341, U.722 0 V.
Is 4.5f00O0-03 f.5~ei, m NM .944JAI 0.63I,9 Y.9139T ldQJ?b U.7fA5Os
146 b.0000"-93 e.7?.'slpe" I*M 1.U411560 .06911 ('.93'4no £1~' 4l.600
20 b.b000'-41 6~.6430+00 N4M L.Ons'S7 0J.00 96S fj.qIl% 1.1~ U.CINV2'
al 0.000*0I()3 7.051d*+Du HM 1.004664 u. 9;.14 tl. .96619' IuAb''y 0.d ?
U 0.50001-IJ1 7.37q/000l NM 1.90472 0.940got 9 91799s I.0glea U.4;IVAj
23 7.0000*-l~Q 7. 6 1111000 NM 1.0ol 0.96910 Q. 91`7S U IUOblu V. 10% 1v
2'i 7.5111101-03 7*q320114.fl NO L.UOSP 0U9AU9 U.995PU I.Ulb'ib U.977fI7
25 U.CU0U0- A0rpby"O~u NM 1.042l41 Q.9c@j2Q 0.C1909u I.U61tb U.941111
lb O.LPOW0-~ N.nfl9A-.Eu N-1 1.00077 0.94120~ l,.y~lu 1.ufisad V.9951u
27 9).0000*-03 A.11700+00 NM 1.UO00S8 0.911166 1,9)'FU £, "I1 U.9'?Ob

O 26 9.50000-93 4.l390+t00 NM 1.00~60 1.40fluO I.Uflumu 1.00lVA 1.0vouu

INPUY VOIAI3LLS YIi/lIjD,1 /Mt A~qUvL tPwOI

7Q003040Id MEILP PHOFlTLF. YAMULATInN P0, POIPI'll 01I.IA A.1 PUyIT e.

I y 01;1"p p/pfl T 4/ tfu Imhl.r u/UD T/lt Ppm"P,'AINflU.Unv

1 0.0(l0~4000 1 l. oonu 0 4U NP' li .9'4031 .0nfl~u 0.i06VfU 4.93 U.111f

2 2.3006*-04 P.6bU60I00 14 0.959SO 0 ~. 4 4:1 1 IQ.i4V6I I . 71 Vl 4J.hS?~

'6 1.20v0":U4 P.1940400 NMA u.99)957 0.17; U.Q11 I.UQQIIJ V.1111

b q4.00000-04d P.I~ O 39% 0 iJ 0.4'99111 U.4670111 U.0I6474 1 .*6 1 P O.3AIce
7 $.9000"-0' 1.LA5~3",fo NMP 0. 69IR13 9.'611jS v.~~ k. 9314 U.W`/44
a8 ?. 0Uov*-oil ;.P.7Q~~00ým'o NIP O.Y6099 U.b?0~5 u.4j~tl3U A . lMimu I U.Qi9'Jlb
yI 1.0000"-03 2.Q2l3'sol NM 0.96I922 U.M50M U,.&"US54 &. 'A 79 0.4614l'

10 I.SOQOOW03 Id5Iv400 Nm 9.964161 tY.U174 Q 6. ;115 1 k &. iII I I 04i.70L
11 I~bfloo"-03 31.4701b'su NTm 0.96167 U.i,070i u .111410 .47061 0..M9910
14 1.90vo*-oS S.N!9l*0u Nm 0.970632 0.o640lI Q.75611 1 .J44IM 46.52311
l.ý ae.9000-0

3  3. PjIsO 111 1 U0 i .970~0 U.005.08I U.1172.i 1.4191111 Q.414V'
14 d g. 59)(0*-463 'I l461VOlU NP' 0.97698 0.07.474; V. 044t) £.1@gle 4.10.570
15 .S.Q000AftO 14.406D4400 lip .95 0*V.l 1 UJ,7'U5& U.OP046 1.149le 'I.b6uf
lb 1.56010'I'.g Id.?DGJ"*0 NO 0.906A38 46.141174 U.U'I83.2 &.0018 0.4baI~U
17 ',.0000*-gI S.54610sou ljm 0.904689 1).17,1 Q4. 0175 1 .2,11,/'1 U.0R779

to 4.50000-03 59:4W1'01) NP 0 U41044%1 V.U6fu1u u. b*4d071 1.0?bl U.12761
av 5.1)(1001- 3 b.54i00 6M 0.91191l 0. 1:67 74 t 9616&! u 1 I gi5bi I .gl1
0.1 6.U0000-1 6. 721WO7 +1 4M 1.04611618 U.896,446 U.9493~4 1.001~ 4).&$d646
14 6.50,01.93 7. -144Q61 " Iel) J,1 1.01dq4 46.46193 LJ.463bu 1.0 4

4'5b 46.bsmu
13 1.00u06-03 7.4d6346s614 Nil 1.1,10111 0.94614!. lo.00tj7 1.061746 0.9246
266 1.5d600".3 7.4Q610*01) N"' 1.003131 0.974Jf46 64.46pt646y I.UA'.'d, u9'.i~
2S 6.000~I6O1-0 8AI.0.11J* NM 1.U00443 46.9REI5 U.90"4396 k.0Uilb$ 0.975146
.Yb 6.50000-03 6.14?U"*flU Nm I.460160 Q.94d9d U.46D76U 1.009116 Q.46P83b&
a? 9.VQOO"0043 A.140'd*46. NM 1.00014A 46*9@574 U.9abso9 1.046166 0.94s08

0 a# 9.5f000"-03 61.7E10461"o lip L.Unu1604 1.640460 1.00401) 1.0610AV4 I.UY46614

VINPT VAPIIHLIS 1,/LI~N ASIUP'L P-PD



700)3-C-3

700304411 '4LILQ P8r'FtLF TABULATION ?8 POIfl1R, LELTA AT PUTtjt eA

I y P121P P/pt) tu/T01 M/1-1, lr I/TP Pmn/Pmrfl*u UD

I O.C000"*Ofl I.AuE~fov NMA O0.9157 0.00ooou 0.000Ou e~mn i. uPvfl
2 4.0000"-0L1 p.nose3"fo NM 0.96154 V.441Lm0 0.576ju 1.71070 0.S3376g

'4 1 .df 00"-Q' 4 .1A~0 1dM 0 . S3 1 u .45,)o U.5P191 U 1.uqbpy 4).34 7 1)
5 'i.50onfl"4 2.?up't,ýU W"M 0.9heli0 U.46uhu u .Y)ljI i J. 1b ib 0 . SN40 I

4 .i0OgV-20' ?.1U'VOtf0 NM Q 9.610~i7 o.i7lj u (;12 U611b44I 164.1
: bU000"-04 P19ou +nlo fjM U.963264 ZOA409J Qu g160 1.l:~ 30.461

11 .5no"-0'4 2.I..vfoo40 Nu" 0.9E.514 U.!)74616 90.64sw 1.5*16R3 (,.Ml'IU
9 I.0flon"-u3 p.R66.,:t1U NM U.96694, .~5 0.!u;SU 90730J i.~5117 U.'4404

10 1.S)40*-o3 3.09J44"+u ,jv 0.96901 o.67761 0.71,200 1.5209~ 0.46831

11 1.6~00-03 1.15'0,"*flU Nm U.9709~ Q~.tMVO'4 U.7387V 1.041011 0 .49117t
4!2 .9000~*i.3 3.51A-i'fl0 14M Q., 71s1 Q.b~pq9Q 0.71,419 1.I*.sb119 O. 'it70l1
is e.2.000--03 3.714e.+i00 Nv U.97675 0.644',9 0.77194u I.4guAm 0 .138MV
t'4 c!. 500ow-0'. 3.4319i+Ou NIA 0.979i5 1). tj6f, 9U V. 700 1 L.400a8 0.'o6d?S6
1. 3.04l00-.03 m*29flQ-+no 14M 0.94i~l 0.701301 0..017160 j.S'5917 0.tofI')4
16 £.ý0010-03 LU.NdJ94"+0 NIA U.Mal8 0.73419 10.Q64e 1.31630 0.6393,1
17 4 .0f00(0-03 45 . Pfl77 NMno 14 0.99178 0.765uJJ0U.06u2U 1 .00,7R6 U.07633
18 4.$400"-01 13.3940+4f0 NM 0.9'~44M 0.14092 40.8A6U I.193.si 0.1700i
19 5.00UO0..'C' s.AQ?,j5*0 1M 0.9q791 0.843014 0.9101o 1,,2flu0b 0.1137i.
20 j.50401-v6.3 6.Ii0fb"+00 lim 1.000158 0.IS11stip 0.9?7664 1.16014 0.79199
21 h.o1lofl".03 6.ham1"$')0 NM 1.008141 U.30110 v.I*89641 1.124.7.6 ljdo
88 b.500nl~-os 7.n0~a'+Oo NM I.v00u3 11.90pu~ U.'696al 1.u04Pt 64.4798f
al /.0n000-93 7.4ll.+ot NM 1.001613 0.901100 U.97750 1.06ell 0.9291;
ala l.bn0*0-Q3 7.6&13,'0Oo N?, 1.00302 0.96#O96 u919fibu L.0403,2 0.94790
25. B.00061-03 7.933e"+81a Nm 1.00026 0.986361 0.9"370 i.0?uA16 0.9731hu
ab b.50gl1-01 A.auj3u*+0o NM 1.V0175 0.9l 0.907lv I.U1031 0.90/ti
27 9.60000".03 M.t5419yfl0 NM 1.Q0092 01141'91) U'Q950 I,08321 U.9903u

D as q.500fl*-13 q.1830+100 NI4 1.00000 1.00001 1.0800n 1.u0004 1.9oOOfu

INPUT VAR1AULLS Y#Ij/IJU,v/MD A5SUML PuPD

70033406 MEILR PROFILE TABULATION 31 POINTS, ULYA AT 
PUINT At

I y P78/P P/PO 79/100 Ol/nf U/Ut) T/IP AHtI/RHfl*U/Ufl

I u.UO000'+0 1.rl00v0Oo NM 01.96402 Q.o0000 0.00000(4 .12i74Q u.0OOou
2 !.5500'~-04 2.0116a"+00 NM 0.91$500 0.4IF)so V..576uv L.Tn3Q 01.3351o
3S .0000"-04a 2.0972"*00 NM u.96431 0.440!20 U.sfl020 1.7204i 0.3310d2
£1 4.1.000*-1) 2.I'4012*+00l Nm 0.9b4364 .4409104 0.587504 1.71131 0.3413U
5 1~.5000-04 2.1941-+00 NiM 0.964671 0.465740 u.'2.9o30) l.*a9s 0.311)ob
t 4.0000"-04 2.20*00 lid 0.96353 0.461180 U*401780 I~61R0@,2 0.36159
Y t6.0000"-016 P.1O3 ~ liM 0.9634S6 1)..6590 9.#2boo 1.0usoo uJ.37776
8 7.i60,0'-016 P.6140"+00 !PA 0.961635 0.516..5 0.0530O 1.609611 0.6607to
9 1.11000*.03 2.79720'0u NM 0.96550 o.b39N01 0.077v1 1.b,70l9 0.62vq0o

10 110100"-93 3.n0191+00 NM 0.96686 0.6450 0.701to 1.j4d18 0.045165
11 L. 6 0 0 0 "- 0 3  3,P6014+0o NM 0.971130 0.!)9400 U.7?790 1.'aol6b u.408167
12 1.9O000*-03 3.36741"010 NM 0.979280 9.601120 4J.74070 1.48317 0.449900
13 e,2.000*-03 3.9'/3u"+0u NM 9.971631 0.62770 0.71;770 1.06110 U.S2000
14 ,2.5j000*-QS 3.766o"+0'0 NM 0.97730 0.o*676U 44.77500 1.4321b U.54114
15 3.Q000'4*03 4.06V6b*+O NM 0.981178 0.0110 U6.79940 1.3q40b v.5?SAl~
t6 3.501J0"-03 da.4014"t01 NM 0.96490 0.10870 o.112440 I1.45311 0.60924
17 4.10000'-03 'l.76465*+00 NM 0.9M960 0.13970 0.104810 1.31d6~7 0.6U4I4.
to '6.5000~--03 S.07984.00 NM 0.9q,234 0.768400 U4.064400 1.28069 01.4lO,5c
19 5.0000*-01 i,.43&U+0U NM 0.q99663 9.797901 0.1019930 1.9424? 0.115A9
i0 bp.5O00a -03 5.7645"#00 (4m 9.99661 0.42t)40 g.90770 I.c!093e. 0 .710%6
81 6.00004-03 6.1isyoou NM 1.010094! 0.65400 IJ.9?730 1.17141) 0.791916
22 6.50001-03 6.490l51+00 NM 1.00322 0.0793o u.941811 i.1467b 0.6214~b
23 l.0000'-e3 6.8900~*01 NM 1.004b63 1.981120 U.951s0 1.11056 0.6616,2
84 7.5000"-03 7.2841"f00 lid 1.00603 0.93610 V.97140 1.07795 V.90164
25 41.0000"-013 7.62Io0+00 Nm 1.V0655 11.99800 0.9A3610 1.05191 U.93489,
ib6 .5000"-03 7.6909e09 NiM 1.00405 01.97060 U.991301 1.0a941 0.96251
87 9.90Q00".03 R.0521I*160 NM 1.0033b 0.98740 V.94,590 1.01729 U.97419
as q.S0oo*-03 4.IZ8u".011 IOU 1.00,2S9 0.99300 U1.99619 i.01010 U.96703
89 1.00001-02 8.1920",O0 NM 1.00179 0.994.5Q U.99910 I.U0561 V.99371
30 1.0SQO1-02 6.213~0#09 NM 1.V0090 0.907qu 0.99950 I.o03?I 0.99.1y

SI 31 .100o~.02 4.2460+0*0 NM 1.900000 1.00000 1.10000V 1.U01,00 1.0000U

INPUT VARIABLES YfWUiUU~l.MD A38UME FPIO



7003-C-4

70O30901 UAEIER PROFML TABULAT~r)N IV PJOINTS, vPLTA AT PU4NT SA

I y lV P/Po TV/TOD ~4/jD uur) I/In Rn/RNOu*Lu/u

I (i.QO0P"fo0 1.0iJflvo0 NM 0.93756 0.00000 u.00Jf000 1.0minoI~ 0.uOOQ~i
2 1.8~0001-0' 1.14md"+00 NM 0.95390 0..I6ZO7 0.57074 1.55isb ij.3

7
14b

Is .uo~o"-04 1.0edJ"to0 r1I' 0.9siqu 0.4u.281 U.IJ764 15s~lu 0.47146
i 1.j1!000"-04 t.Quto"+00 mm u.91)470 U.469P5 U.IJA3515 1.5465I u.37736
5 4.5400t"-0 P.1410"0n0 NO 0.95~4a0 0.48426Ž O.l~i~am L.spyp O..S9I6d

7 b.O0000"-U4 ?.231.J"tfI Nm 0.9b500 u.tpl8454 Y.0323 I.169100 0.42646I
a ?.%000"-Q4 ?.W'16'to0 li O.9'I7So u.556~72 U.0997 i.b4V2 v.460~1
9 I.u000"-03 2.6lP'&+OQ NO 0.96150 0.147459 U.o912Y 1.416?52 0.4m.12(

to L.30001-13I 2.A27o*0~0 NO' 0.96400 0.66520 o.71#347 1.3"I'3 0.!)1 0t)
11I l.a00'm"-V3 3.0203t00 I'M 9.q66su 0J.63t)08 U.74244l1 1.36667 V.5A412ý
19~ 1.90on"-03 3.1043"0~0 NO 0.96090 (i.6SOR? 0.74u20 1.311311 O.b963
is 42fl00"-ui 3.321',"fno fm 0.97130 0.67244 0.7750.4 U.?1, .50314d
14 e.'2000"-03 1.4B86",f0 hm 0.97470 0.40203 0.79113 1.30041 0.6050)
15 1 .04001-03 1.76n/'0f0 NH 0.97Y3Q U.?Pto?U 0.0200qJ 1.47501 0.6431d
16 4.6so0.03 *ll 4.444,'416 Nm 9.96960 U..7155 u.b1 js1 21.9449 0.07641

*17 4.6 00"'-03 4*284j"+q0 .4p 0.90660 0.74134? 406292 1.2l197 0.o7744
15 Q*50060-03 9.hoi.."too NO 0.98990j 0.8.1321 U.88607 1.167122 0.714634

*19 5.0000"-03 4. "Se"00 tJ'm 0.99S10 0.03077 0969341 1.169764 0.77744~
20 5).s0ftul'-u 5.171.j"0(0 tIm 0.99630 U.S66831 0.9?1131 1.13081 0.01537h
i1 4,.0090"~-03 5.46j

7
17"AO0 1dM 0.94460 4,J*89567 0.964901 I.lflbtb 0.8'4161

*22 0.Suo"-ol Is. 60 9 " *0U0 NMA 0.99960 u .Y I24p u.9US5' I.u08~d u.u7%b0
as2 7.00001-03 S.4016C1#0 NM l.00100 0.934fib 0.96566~ I.OW7O 0.905(19
24s ?.*40O0'-3 6.197J"#00 tO' 1.00100 V.9S)13 0.9759'd 1.00701 u.93051
95 0.uOOO"-01 6.11VA71+00 NIM 1.00100 0.96011. 0.943Kg 1.032'l V.913261
26 0.50W00.3 6.47fid*OO NOM 1.00100 0.9037. U.94013 1.018b0 0.97.12d
27 9.00000-03 6.0,0.41400 NM 1.00100 0.98864 1).9's6t) V~v~ .98d61
28 9.5000"-ol 6.6MI4.!00 Nip 1.00000 u.9931.' 0.9q700 1.00774 4.989310
?9 1.0000"-Q2 .61"40 NM 1.oOQOO 0.94727 0.94861 1.009A9 0.99%94

0 30 1.050n"-02 6M6A.lfn0 10~ 1.00000 1.0000o 1.ufluou 1.00000 0.000OU

INPUT VAPAOLOULS Y,14,10/IOL ASO''14 PxPD

7003041)1 MLILR PRnFTLF TABUJLATION 31 POINTS# U.ILTA AT PLIJIT 31

I V PT?/P F/prD Y4701, ) H/1.0 LI/UC TilTn ,04/PH~vt'u.Ur

I u.oaoo"+oo 1.6009*t"0 NM Q.87732 0.00004 0.00000 1 6q960 0.V00(00
2 3.0000"-04 I.680!s'+00 lik' Q.92620 0.415643 O.Slg12 1:"440d 0. J34114
S 4.90006'-04 I.71I3*4flu NM 0.Y2630 0.4P489 0.52267 1.51161% 0.4393.1
'4 A.1500*040 1.71,30+00 WM 0.92410 0.00%2 0.52627 1.511S41 V.311)94
5 64.00'J0-04 t.79A064tIu NO 0.93010 0.1U019 9.541197 Wi.5185 0.3'SlP2
6 5.00000-04 l.QltL*+00 04m U.93160 0.46946 0.570160 1.119409 4.484A38
7 1.5~000*-04 2.l32o'400 NM U.93b6o 0.501432 0.61496 1.411S8.$ 0.112006
a h.U0008'-03 2.32116j*'o (M 0.3900 u.541SS 0.64644 k.01746 U0.1594
9 .3000O-03 1.114au"00 NO 0.94?30 0.56u5. 0.67107 1.410306 0.117829

h0 .600O0".0 2.AO470+00 Nm 0.90110 0.iol368 0.71456 L.35"~9 P.Waoj
It1 .1600"oll0 p.n54'#Oo0 NO 0.94960 V.6?061 u.72147 1.319146 U.5331M

Id .0004-03 2.649Q4u00 NM 0.95440 0.0~2#A6 0.7269 1.517)0t191

1 a,100vl .4W 0 14M 0.97630 9*7772o 0.0047 1.2099a Q. 70662e
ki .0f00"-113 I.4

7
40+00O NO 0.01230 Q.6t102 0.80054 1.17614 u.74066

19 5i.5 U00"03 '4.715,1'+0 NM 0.98560 0.83h641 0.69618 1.0453116 0.77890
29 6.vO su 1 ,iW 0o 1dm 0.~09so 9.416691 0.9193!1 1.074664 0.01146
20 g.00 o .P71"+0.0 14h 0.99970 0.59444 0.93194 1.10901 U.604011
e4 1.~l~U .1373*O0 NM U.994800 0.90571 9.90111 0.0A94o U.8677to

23 7.54000'.03 A.7074"'+00 NO 0.94fas0 0.9110d 0.96P50 1.066as 0.900fl0

15 1. "000-03 b.085j"+Q lim 0.99900 0.963649 0.96015 1,011188 U.94719

14 b.50OV01O 'i.93011+00 1dm 0.99920 0.98482 0.97017 1.09167 0.97356

28 :I.V0D"'0? 6.39*)1'tOv NO 9.43 0:9903v 0.90461 i0:00872i 0.9mansi

SO 1.1000-02 6.5001100 NOM 1,000900 1.00009 1.00000 1.00000 1.00000i
DIt 1.1500'-Ot 6.5Isl1o00 NO 1.00000 1.O04ou 1.00000 1.00064 l.U00600

INPUT VAftIAJLLS YOMO70A?0 Ass"Mr PaPO)



7004-A-I

axisymmetric
M : 1.4 - 2.8 (free stream) 7004
R THETA X 10"3 B-40

TW/TR : 1.0 APG (VPG)
AW

Continuous wind tunnel with flexible nozzle: W - H - 2,4 m.
0.04 < PO < 0.08 MN/m2. TO : 290 K. Air, dew-point 243 K. 5 < RE/m X 10"6 < 13.

WINTER K.G., ROTTA J.C. and SMITH K.G., 1970. Studies of the turbulent boundary layer on i .. ted body
of revolution In subsonic and supersonic flow. ARC R & M 3633 (replaces RAE TR 68215, 19fd)
And Winter K.G., private communication.
Also Winter at 0l. (1965 a & b).

1 The test boundary layer was formed on the exterior surface of a pointed budy of revolution aligned with
the axis of the wind-tuniel. The model was constructed of fibreglass ri a steel core. The overall length
was 1.524 m and the maximum diameter approximately 0.25 m. The body Seomtry is specified in figure 1.

4 The resultant pressure history is tabulated in section 0. The f'ti streAm Mich number was uniform to within

3 t 0.006. A transition trip consisting of 0.127 mm ballotini was attached 38 mm from the nose of the model.
This size proved inadequate at Mach numbers greater than 1.4, transition occurring downstream of the trip.

6 Static holes (d - 0.762 mm) were provided at 29 stations along each of two generators separated by 300 and
extra holes were drilled 900 apart at X - 0.152, 0.610, 1.067 and 1.499 m. The pressures recorded at these

5 stations provide a check on twodimensionality and are given in section 0, Skin friction was measured by the
* 6 razor-blade technique (Smith et al, 1972) the calibration however being based on later measurements taken

during the floating element balance tests of CAT 7302. The height of the razor blades was about 0.13 mm,
and for some tests alternate blades were removed to check that the results were not affected by the presence

7 of the blades. The data are presented in section 0 The Pitot surveys were obtained by traversing a rake
carryihg S CPP (d1 w 0.60, d2 - 0,25 me) mounted at 2.54 me intervals. The traverse mechanism actually
moved the rake along a circular arc of radius 76.2 mm, but the data was reduced using the normal distance
from the surface. The tubes could not be aligaed exactly with the local direction of a body generator, but

8 the mfi.alignment was less than 60 except in the body waist at X - 1.067 m, where it was 110. Assigning the
value I - 0 to the generator on which static pressure measurements were made the skin-friction weasurements
were made by mounting razor blades over the he-loa at 0 w 300. The X-positions are given (in the author's
units) in Section 0. X Is measured axially and is 0 at the no-i of lie body. The profiles were taken at
X a 0.610, 0.724, 0.838, 1.067, 1.269 and 1.498 m (24, 28.5, 33, 42, 50, 59 In).

9 The authors have assumed negligible static pressure variation across the boundary layer, calculating the
free stream Mich number from thn ;easured wail pressure at subsonic speeds, and from the Pitot tube reading
outside the boundary layer at supersonic speeds. They present profile data calculated either with ý.he
assumption of isoeriergetic flow or using the Crocco / Van Driest relationship with a recovery factor of 0.89.

12 The editors have presented the data as calculated by the authors with a recovery factor of 0,89, The boundary
layer edge state has been set arbitrarily to agree with the stated Reynolds numbers and mean total temperature
at the authors' specified edge point. We have not included the authors' case with subsonic (M a 0.6) free

13 stream flow. The profiles presented consilt of 6 sets at a single Reynolds number, each for a different Mach
14 number. One set st M P 1.4 (02) Is for a higher Reynolds number. The wall dati of section D cover a wider

range of Reynolds numbers.

§ DATA: 7004 0101-0606, Pitot profiles. NX a 6 or 6. CF from razor blade surface Pitots,

16 Editors' €g•nt$-

The entry describes an interesting flow which provides a good test case for calculation methods owing to the
simiultaneous presence of both longitudinal and transverse curvature. In the profile test zone. for the
supersonic cases prtsented here, the pressure gradient Is always positive, but-the full pressure and skin
friction history is given including values for the forepart of the body in the region of accelerated flow.



'004-A-2

The pressure gradient is a simple wave one generated by curvature of the body itself, but the maximum static

pressure change liMely to occur across the boundary layer is only of the order 10 %. The authors present
the results of calculations allowing for static pressure variation (source paper figures 33 and 34).
"Though appreciable changes of the profiles result" .. "there Is no significant Improvement In the relation-
ship with "l6w of the wall" lines". There is also very little effect on the values of H12K. The effects are
more marked than in the orly comparable study - Allen, CAT 7005, but still not large,

Comparing the profiles in transformed wall law coordinates, we find that there is considerable scatter in
* the CF values and that on average the values seem to be low as compared to ZPG values. Series 06, as far as

the inner region is concerned, appears to display transitional characteristics. The profiles are given in
fine detail, but In about half the cases measurements do not extend within the momentum deficit peak. At

* stations 3 and 4 it appears that some correction of the innermost values is necessary. This is the zone in
* which the aJthors report difficulty in aligning the probes, which might make angles of up to 110 with the

local generator of the model.
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Fleodmile from Bourv, paper

It



7004-B-1

CAT 7004 WINTLR/q/S BOUNUARY CONDITI103 AND EVALUATED DATA. 5I UNITS.

RUN miU * T4/TR* RLI C! * 1-12 112K PW P)
x 4 PUT) PN/Po* RE0D2 Cl H32 1132K Tw TO
RZ * TOD* 811 * D2 p02 H42 DA UO TA

70040101 1.7.6) 1.n000 2.5161"+03 2.7200-03 2.6970 1.4105 7.8 86"b03 7.8386"+03
6.Q000*-Ol q.P762"+00 1.0000 3.62W+03 r4M 1.7778 1.7678 2.7775'+02 1.78601+02
1.I670"-l0 2.9000"+02 1.0000 6.0b70-04 ;IC 0.0743 7.3310'-04 4.73WQt02 2.7775"÷02

7004010? 1.6330 1.0000 4.1561S+03 1.9200"-03 2.6578 1.531n 9.6234"+03 9.6134"#03
7.2390"-02 .29604#04 1.0000 5.71694+03 MV 1.730q ,.7194 2.799n"+O2 1.8043.+02
0.97?8"-02 ?.9000-+42 1.0000 9.1E06"-04• C 0.0673 1.1013"-03 4.5027'*02 2.7890"+02

700D0101 1.4540 1.0000 7.7421"43 1.43004-03 a.3801 1.0969 1.2360S"04 1.23686"00
5.340*-0l 4.211930004 1.0000 1.0033+04 0 m 1.7024 1.b929 2,Sn52*"02 2.0382"+02
7.10711-02 2.9300*+02 1.o000 1.500"A-03 1C 0.0588 1.I86U*.03 4.1690"*0? 2.80520+02

700010io 1.2880 1.0000 1.7733"+04 8.3nO-".00 2.30S7 1.5992 1.575Q"+04 1.5759#"04
1.06651+00 4.2960+04 1.0000 2.15400+0• :1M 1.6386 1.b290 2.8050+02 2.1775"+028.46909-o0 ?P.000"+42 1.0000 3.,5930-03 1|C 0.0510 3,76921-03 3.8107"+02 2.8203"+02

70040105 1.25, 0 1.0000 I.P4O"+S 4 1.7100"-03 1.96!u 1.341a 1.65oq",0O 1.0509m+0•
1.27000+00 4.2991"+04 1.1000 1.%1554#04 NM 1.7M9b 1.7537 2.4137"*02 2.2062b#U2
9.11200-02 .9000*+02 1.0000 2.2560-o03 NC 0.0467 2.4988"-03 3.7344"#U? 2.6237m+02

70000106 1.1110 1.0000 9.2070+03 2.11700"-03 1.8108 1.436 1.72b3",00 1.7263.004
1.49856'00 4.2092'#04 1.0000 1.1200*404 IIM 1.270 1.86239 2.••73"+02 2.2390"#02
9.0131-0o2 .90000+02 1.0000 1.6703'-03 fC 0.0060 1.0029"-03 3.6451"02 2.673t0•2

70040201 1.7770 1.0000 .4261"N03 2.3100"-03 2.7341 1.4389 1.4417"+04 1.4917"#04
6.0960*-0I 8.27321+04 1.0000 6.398200031 oM 1.7759 1.7652 2.776s**02 1.77735402
1.1070*-01 2.9U00't02 1.0000 5.56bl"-04 NC 0.0773 6.7441"-04 • .7500'.02 2.7765*#02
70040020 1.6460 1.0000 6.5832"#03 1.7300'-03 2.bb02 1.291 1.StW0"*Oo 1.8160*#,0
7.23904-01 8.20u7"tOl t.0000 9.%035"#03 N% 1.7315 1.7282 2.7679"#02 1.88061#02
8.92780-02 2.9000"+02 1.0000 7.9118"-n4 AC 0.0747 9.5331"-04 U.5260**02 a.78790#U2

70040203 1.4700 1.0000 1.3070"÷04 1.0f00"0-3 2.5050 1.5776 2.3700*+04 2.37001.04
5.3020"-0I 8.3316"#04 1.0000 1.7025N+44 NM I.b572 1.6760 2.6037"402 2.0249-#02
7.10710-02 2.900o"t02 1.0000 1.34341-03 NC 0.0576 1.59W5"-03 Q.1900#o02 2.80370#02

70040204 1.20q0 1.0000 3.0131|"04 8.6f00"-.0 2.2h60 1.5622 2.9767*404 2.9767"'04
1.0668'.00 8602W#"s04 1.0000 3.7121"+04 14M 1.6544 l.69q9 2.8200#02 2.1767"#02
8.06•90-92 2.9000",02 1.0000 2.929O"-03 NC 0.0477 3.3701"-03 3,12q,02 .8a04N#02

70000201 1.2690 1.0000 2.0361',00 1.6000"-03 t.9382 1.3051 3.0%38"+O0 3,0536+04
1.2700"o00 8.1141"100 1.0000 2.0937*#04 qM 1.7822 1.7770 2.82231+02 a.143%0#U2
9.1300"-02 2.4000#,02 1.0000 1.9683"-03 NC 0.0061 2.1obSI-03 3.,683+"02 2.5223"#02

70040?00 .08170 1.0000 |.6042*+04 1.9%000-03 1.7541 1.2037 0 .34106304 3.3418m0#0
1,.049#"00 8.31976704 1.0000 1.9321"+04 AM 1,7834 1.o013 2.0277+.02 2.2429302
9.1053-.02 2.9000"#02 1.0000 1.48S9.-03 3C 0.0416 1.56650-0 3.6058"302 2.872I7102

70040301 1.0870 1.0000 b.1396',03 .34001-03 3,257 1.0760 5.10638403 S.10630+03
6.O140-0l 4.57572040 1.0000 3.6142",03 NM 1.7833 1.7713 2.73VS3402 1.5498"202
1.10700-01 2.9000902 1.0000 l.1948-04 :4C 0.0786 1.9140"-04 S.1093"102 1.77S5002

70000303 1.6570. 1.0000 6.35960+03 8.47000-03 1.7076 0.5*15 1.70S÷0343 7.77801+03
8.30600"-1 4.S732"004 1.0000 9.3140"+03 NM 1.7333 I.?IS3 2.7Y33N+02 1.74208"02
7.10710-02 2.90004702 1.0000 1.48600-03 NC 0.0786 3.8III-03 4.6115"402 2.7?3l"÷0+

10003003 I.S970 1.0000 1.251"603 1.130004-09 2.6469 1.5633 1.O0a7310o 1.08013"001.06680400 4.57I5"+04 1.0000 1.70180+04 tim 1,6662 1.6122 2.T14P÷O+0 1.9?0044÷0
0.464410-02 2.90000+02 1.0000 2.43170-03 ;qC 0.06%1 3.L11130-03 .41720"+0? 2.7922+÷02

V00401030 1.5290 1.0000 40•346"+03 1.93000-03 a.2|5ba 1.3304 1.1727*+00 1.17+7"+04
i.JY00-÷00 4.49040+04 1.0000 1.206+9"04 f1M 1.7730 1.7655 2.794+'.02 1.971610+29.1120"-02 2.9000"002 1.0000 1.6762'-01 WC 0.0633 2.1*480-03 4.3094+02 2.79150+802

7004030% 1.0950 1.0000 7.1441÷0+3 2.41000-03 1.0893 1.1301 I.16$30+04 l.2*3"+04
1.49664+00 '.60O"÷04 1.0000 4.51130+03 NM 1,6860 1.8407 2.8015"*02 2.000I'9029.8153"-02 2.9000*÷02 1.0000 1.54660-03 14C 0.0615 1.50651-03 0.2434"+02 R.0011"402

.1I



'1004-11-2

CAT' 7004 W11T01:1111111 BOUNDAR4Y CONDITIONS AND EVALUATED DATA. $1 UNITS.

it U?, VI i T/R* PED2W CF *.12 111 2K PW PD
X POD PV,/PO* RE021) Co .32 HOZK TW TD
RZ TOO 0 5 * D2 P11 H412 D2K UD T A

T0040401 Z.41410 i.0011D 1.7019'403 1.SAW00-3 3.7697 1.4210 3.3223"M0 3.1223"+03
b.09qbo".D1 J.96450"*6M i.0000 3.1220"stis NM 1.787Z 1.76647 2.i2S~.oa 1.331120401
1.1070".01 ?.QDfOQ",02 1.0000 b.64k17m.04 NC 0.I1013 0.265h".04 16.6010"40a 2.7?fi3*+d(?

70040402 ;.03310 1.0000 2.48214"#03 I.boon"l-gj 1.6015 1.14240 3.764.1"+03 3,761A4"403
1.237O".01 4.952S"#04 1.0009 4I.4125"#0l3 NIX 1.761,1 1.7446 2.73370.nl t.38&SP#0I
W.'#MN-0a ?.9000"ItO 1.0000 Ale0~f0 4 0.1 ISO 1.13 0 6 0 3 .S1I0+02 2.1337s0#0

70040o4QI 2.1530 1 .0000 4.k23Z".n3 I .oo-0 140 ! I.54.40 1.534.1 4.97S3"*03 'I.9763-40s
8.3520".0I 4.94571.4o 1.0000 1.00466403 111` 1.4.743 1.6%74 2.746"1"02 I'SOW+02
7.107!*-Ol 2.1100)4#012 1.10000 I.tO6S-03 IC 0.0870 L.YOW5-03 I.P450"+uI J.7o465,402

700'I04014 1.9142 1.0000 0.?704*403 04.500n"-04 3.0406 1.3132 7.37721+03 7,3772,403
1.0666"400 S.W0b"*04 1.0000 I.0091'0u4 Ito I.b90.4 1.673$ 2.76.48"+02 1.6706"402
11.46W.02~ 1.41tooo.,ua 1.0000 21.07qý"03 jr 0.0S'I15 2.7.315*-I11 4.7017"+Q2 2.7648"5401

700'10410S 1.404;j 1.0000 7.L1040+I03 1.94004-03 a,6.046 1.3275 6.7QS0*.o3 S.7980O+01
1.27O04.00 13.04662",00 1.4.000 1.1504*,0'I N'm 172 1.7717 e.7700#0?2 10?50,10+02
9 .I1 0 .0 2 2.9010,002 1.0000 tI. 14 5 0 3 :1C 0.0017 I.14slo-03 4.79390#.0 2.71421+02

1004040h. 1.7s10 1.0000 '1.4517"+01 2.370n*-u3 J.61100 112361 9.5$48"401 9.55'6R*403
1.49860*0fl 11.09440*04 1.0000 6.S640+.03 j" 1.8~468 1.6414 2.77070+02 1,70?740+0
9.11I530.O2 a.44006~02 1.0000 1.19791-03 'IC6 0.0751 1.364a.0l.3 'I.7071~0+0 2.77071+02

701140501 a.66.10 1.0000 4..394.9*+02 1.5000".011 5.1964 I.b6oa0 2.0019"+03 2.O0lq*+03
b*09604-01 6.1454"404 1.0000 1.410s"+03 fJm 1.75?6 1.7044 2.7009"+02 1109021"40
1.1070"..01 2.0000o0#0 1.0000 1.112419".0 Ac 0.2039 4549sq.f4 *.0313*#0l 2.70041"+02

70040102 2.4.1s0 1.0000 2.03311+01 1.24I00"-03 3.98&63 1.3066 2.9931*#03 2.99351+03
S1.3582O-01 4..113"4*04 1.0000 I.O3q4I"i03 Np t.7523 1.74.01 Z.7157"*0?1 .21480+02
7.107I1-02 a.9000'.01 1.0000 7.1)543".04 IC n.1702 1.M60116.O 5.606+02..O 2.7tS7*+0

70040101 2.3340 1.00100 4.Aq007t03 9.1100l".04I 3.S062 1.3393 4.40210#03 4.60116+011
1.0606"to0 5.4091'04 1.0000 11.7720"#01 tim 1.7720 1.74.07 2.7323"*01 1.37SSO+02
8.46qqm..02 ?.9000*+O1 1.0000 I.306410-03 :lc 0.1169 1.56194-~03 'S5.191"M 2 .7323"*0l

VO0ouscii a.1410 1.0000 4.931114,03 1.9000".03 2.9b668 1.2332 4..12260#03 4..12W*~03
1.2700.0to 6.00710#04 1.0000 W6646#01s tiM I.5542 1.6435 2.74I71102 105103N+02
19.1Il01-02 2.9000~4+2 1.0000 1.1444"..03 NC 0.141021 1.3720"-f03 S.2852,402 2.74714+O*

70040500 2.094.0 1.0000 1.73711#03 Z.1%000~-0% 2.92143 1.2407 4..1S141"ol 4..5441,903
1 .'49660#00 5.9S1172"O& 1.0000 6..06.74803 liN 1.86468 1.,817 W30518402 1 51137"Itua
9.8151"-02 2.90O00,fl2 1.0000 4.3354.0O4 tic 0.09017 9.80%41-04 %42213,0#0 2.730S'1t0l

70461 3.3,170 1.0000 6.0079"t01 1.1300".03 40.1206 1.5690 1.24.11"tus 1..229l"io~l
4..09460'0-0 7.51149"#04 1.0000 1.5301#003 rim 1.6046 1.74.60 1.6403140a 9.0136"f0I
1.10708-01 2.9000"#02 t.0000 3.32101-04 IAc 0.1326 1.4aI0400-4 6..33664.0+0 2..6803,0#0

700404.02 3.0530 1.0000 I.5796,0+0 1.130O1-03 dI.9465. I.1.325 1.890111+03 1.B640#~03
8.38100-01 T.S51I9"+04 t.0000 3.12760+03 ;JlA 1.8237 1.3624 1.694.14'0a 1.0125SO02
1.10711-02 a.90004#02 1.0000 4..710S.06 AOC 0.1241 1.004%'-03 6.,19940402 2.61924,0+0

700406010 2.7590 1.0000 2.441111103 8.3000".04 4.1643 1.24.11 2.S.704+03 2.S4.700#03
L.06680#0O0 7.30761#04 1.0000. 5.14494003 lip 1.0116 1.0349 0.70711+01 1.1dI97"002
*.44.49*.02 2.9O00~s01 t.0000 6.124.O".06 1C 4,1109 1.0900*-03 1.93130+02 2.70?SI+02

700400u40 1.4760 1.0000 3.40140+03 1.bqo00-u3 3.53011 1.2501 Ii.0l33l003 4.43312*01
1.8700.+00 7.2966'sOO 1.0000 4..396406.3 NM 1.031 1.8411 2.7243"02 1,30270+02
9.tlaom-o? 2.9000.0#0 1.0000 6.7068S-04 lic 0.1361 1.1064"003 S.6664+41~02 2.72431+02

700404.05 2.4270 1.0000 2.90019+03 I.88001-03 3.dl731 1.2140 I4.80500,03 4.601601+03
11.441668#00 7.327414#04 1.0000 S.347l0+03 NIA 1.6672 1.6576 2.7873"02 165315"402
9.61130-02 2.4000,0#0 1.0000 7.06640-04 Ile 0.0964. S.54970-0'I S.6149'0+0 2.72794+02

POOPD CALCULATED FROM RE (AUTHOR) - TRAMEOIDAL RULE FOR RUN 0102,00102#6203#0301#06.01



7004-C-1

70040201 WINTtR/IRIS PorOILE TABUJLATION 40 POINTS, DELTA AT POINT 36

I y PT?1P P/po 10/TOO N/Mo U/UD T/TO RHO/RIIOO*U/UD

1 0.00001+00 1.O0000'+00 NIA 0.95725 0.00000 0.00000 1.56180 0.00000
2 a.5400*-04 1.711l61+00 NM 0.t7170 0.51M9 0.59535 1.36080 0.43970
3 3.3020*-04 1.76650+40 NM 0.97346 0.52870 0.61428 1.349q4 0.05504
4 4.06404-042 1.751'*0+0 NM 0.97401 0.53399 0.61968 1.34670 0.4601S
5 4.3180*-04 1.6016+00 NM 0.97040 0.54603 0.63157 1.33709 0.471201
6 S.3680"-04 l.q247".@0 NM 0.97599 0.57197 0.65707 1.31971 0.49759
7 7.1120"-04 2.000840#00 uM 0.97685 0.59093 0.67526 1.30580 0.51713
a 1.06660-01 2.13490#00 NM 0.97966 0.b4073 0.72186 1.26927 0.16872
9 1.4732*-0S 1.a717*00 NM 0.9s13S 0.68777 0.76405 1423412 0.6t9l0
10 I.554a*.03 2.69U7*+00 NM 0.90471 0.71911 0.79964 1.20178 0.66453
It 2.2352*-03 I.9134l*00 NM 0896679 0.76564 0.82993 i.17499 0,70633
12 2.4891o-os 3.17790+00 Nu 0.95910 0.50814 0.86393 1.14255 0.79614
13 2.5400*.Q3 3.29610+00 NM 0,98979 0081571 0.46983 t.13705 0.76495
14 2.61bao-ol 3.23260+00 NM 0.98988 0.51673 0.87063 1.13631 0.76618
is 2.6670".03 3.1707"+00 NM 0.95993 0.61159 0.87501 1.13116 0.77319
16 2.79440"-03 3.3slaltoo hM * 19063 0.83447 0.68452 1.12223 0.78018
07 8.9210*.03 3.'4104*+00 NM 0.94136 0,84369 0.69131 1.11586 01798b9
IS 3.12411-05 3.3632*+00 NM 0.99277 0.53964 0.68511 1.11663 4.79350
19 3.3020"-03 3.192l1,00 Nm 0099.'8 0.87030 0.91101 1.091176 0.83141
A0 3.6976"-03 3.79464+00 NM 0.99409 0.89337 0.92771 1.07836 0.86030
It 4.03566"03 3.43fiG'+00 NM 0.99544 0.92768 0.94491 1.06023 0.89113
22 4.3942"-03 3.97890t00 NM 0.94544 4091411 0.94951 lo.01551 0.59955
13 4.4196"-03 S.094I1*00 NM 0.99675 0.93964 0.960131,004405 0.919%5
14 4.5l60*.03 4.14420+00 NM 0.99810 0.96449 0.97690 1.021190 0.95124
IS 4.9022*-03 4.1047*+0o NM 0.99519 0,06765 0.97090 1.01361 0.95652
lb 4.99300.03 4.l2186+00 NM 0.99524 0.96933 0.98000 1.01114 0.411678
17 5.019lu-03 4.3337~*00 NM 0.90551 0.97085 0.95310 1.02123 0,96071
as 5.13064-03 I.3725't00 NM 0.99551 0.97569 0.95430 1.00773 0.96716
19 5.15syl-03 4.O147"+00 NM 0.99910 0.95295 0.98900 1,01135 0.97644
30 11.30S66"03 4.36ll2*00 NM 0.99510 0.97451 0.98350 1.02514 0.96960
31 5.6346"-03 4.4487"+00 NM 0.99934 0.95548 0.90070 1.02061 0.98019
la S.9940-~03 4.5339"to0 NM 0.99970 0.99617 0.94750 1.00267 0.99655
33 6.0194"-03 4.4769"400 NM 0.999S4 0.969n3 0.99300 2.00805 0.9850?
34 6.37SMO-03 4.55204+00 NM 0.99993 0,99042 0.99900 1,00211 0.99751s

0 6 67 00 .66+0 NIA 1.00011 1.00046 1.00000 0.00900 1.00000
311 9.3726~0-0 O.SY64"#0 NM 1.000a01.00.9106 100 0 .99590 1.09193

36 1.17310-02 404321+00 l~~im 001 1023 1.1S 9G9 103i
39 13bo0 .qtto NM 1.00022 1.00366 1.00240 0.99744 1.0044a

40 .5037*-01 4.6343'400 NM 1.900054 ooa 1.0051 .O90 0,99341 1.01257

INPUT VARIABILES YmUiUO ASSUME P.PD
AT 0.32l rATA MERE AVIRAGED



?0040202 VIINTER/R/S PROFILE TAIOULATION 44 POINTS, DELIA AT POIfNT 41

I y PT2/P P/pr) TO/TOD MI/HO U/UD T/TO RHO/AiIOD*U/UO

1 O.T0001+00 1.0003~,00 NM 0.940064 0.00000 0.00000 1.45011 0.00000
2 2.5400"-04 1.o4403"M0 NM 0.97127 0.43)57 0.52060 1.34715 0.39104
3 3.3020*-04 1.41971#00 NM 0.97230 0.46131 0.314130 1.34038 0.40384
4 s.51o0-04 1.1105S1+00 NM 0.97236 0.147849 0.SS?60 1.33178 0.411431
5 4.5790*-04 I.5256'*00 NM 0.97290 0.48663 0.5b110 1.31949 0.42904
6 a.36211:04 1.jS4S"tOO NM 0.97101 0.13434 0.60970 1.301q? 0.4662q
7 .2446~"03 1.7 851+00 NM 0.97705 0.57/445 0.114940 1.27747 0.S0613

a 1.63101-03 l.904?2~.0O NM 0.97566 0.61006 0.05370 1.23397 0.54436
9 2.0574*-03 2.0'i64"+00 NM 0.95099 0.614744 0.71550 1.23255 0.5431?
to a.4304'-u3 P.1itso40 lip 0.98279 0.68646 0.75M2 1.20710 0.62480
It 2.b416"-O3 2.24340+00 NM 0.95316 0.b0363 0.76060 1.20242 0.63256
12 2.7178".01 2.1746'+00 NM 0.963S3 0.70165 0.76770 1.14712 0.64129
%3 2.7606*~01 2.3015,t00 NM 0.98412 0.70731 0.77250 1.1437? 0.64736
14 2.5448"-OS 2.3311l"+0 NM 0.91416 0.71715 0.76140 1.187?1 0.6s516
05 3.2?5A*-01 2.4sliolto0 14M 0.96166 0.73567 0.860000 1.17246 0.65203
16 3.63k~24-03 1.s5021+00 NM 0.9761o 0.75364 0.53370 1.13185 0.73616
17 4.0131*-03 2,B357'.00 tIm 0.96911 0.5012S 0.86130 1.11371 0.7664a
IS 4.22026-03 2.4808"+00 14M 0.99108 0.53515 0.6fla00 1.10640 0.79721
10 iI.41964-03 3.0266"+00 liM 0.99133 0.54660 0.50530 1.10093 0.50666
20 4.4abo'.03 3.21l22"00 NM 0.90307 0.v7a3 0.91170 1.07950 0.54sas
at 4.1530'.01 3.2797'tOO NM 0.94356 0.86872 0.92050 1.07250 0.51804
22 S.1162'.03 3.33112"00 Nm 0.094403 0.64632 0.9.1770 1.06647 0.56988
13 3.2070'-03 3.14101#00 NM 0.99469 0,90517 0.933500 1.01096 0.50201
24 5.2194"-00 3.351131+00 NM 0.99423 0.90160 0.93010 1006421 0.57305
Is S.2832'.03 I.Se656'o0 NM 0.99470 0.00732 0.93440 1.06019 0.55102
26 5.311941-03 3.4184~400 NM 0.9%409 0.91212 0.93790 1.01713 0.54705
27 S,6134'-031 .IOP,5',00 NM 0.99566 0.921132 0.94540 1.00775 0.90111
25 S.7400"-01 1.¶1610"100 TIM 0099625 0.93503 0.91460 1.04230 90.1586
a9 5,9444'-03 3.b*10'*fl0 MM 0.99702 0.91031 0.06550 1.03214 0.93543
30 6.14661:03 3.6972"tu0 NM 0.99717 9.941176 0.06930 1.01534 0.04240
31 6.2972* 03 3.17340*~00 NM 0.99757 0.96056 0.97290 1.02112 0.94507
32 6.5278"-Os 3.60%30+00 Nm 0.09509 0.97110 0.94070 1.01177 0.06338
33 6.61'J560-0 3.646O4#00 NM 0.99540 0.97844 0.05110 0.01317 0.07102
34 6.9149*-.03 3.91334#00 N4M 0.099906 0.05611 0.91010 1.0074 0.60511
31 7.31120-03 3.96090#00 NMA 0.99932 0.44514 0.914650 1.00274 0.90375
36 7.6100*-01 3.48P60#60 NM 0.q9096 0COM5O 0.19070 1.00050 0.99700
37 7.6962*-Qs 3.9040's00 NMA 4.99949 0.90824 0.99660 1.00073 0.047116
33 7.Ya16'.03 1.98665+00 NM 0.09962 0.00501 0.09990 1.00039 0.90671
19 1.7470"-03 1.49lS"+00 NM 0.09967 0.99964 0.94040 0.00003 0.099067
40 7.8212".03 i.9910+4f0 NM 0.99963 0,09911 0.94410 0.99007 0.09093

0 41 7.9756"-03 3.49430400 NM 0.00000 1.00040 1.0n000 0.00000 0.00000
42 I.0465*.Oa 3.4043q0t0 Nkl 0.90960 1.00000 0.914940 0.90060 1.00020
43 1.2100"-0i 0.0065.+00 NM 0.99964 1.0016a 1.0(1100 0.90536 1.00265
44 1.514"-02 3.40"9'00 Nu 0.90449 0.90834 0.94891 1.0005? 0.94628

INPUT VARIABLE$ Y*MPU/')1) A&SUM9 PMP0
AT Is14elbs39 DATA MIE AVER(AGED



7004-C'-3

70040001 W111TEUtR/S PROFILE TASIJLATION SO POIN~TS# DELIA AT POINT 56

1 PT2/P P/Po TO/TOO M/MDt U/UD T/TD RHO/RH(4U*U/UD

I .00o0"+Oo 4.0ono't(l0 Nim 0.96835 0.00000 0.00000 1.3g3qq 0.ODOon
L, 2.5d400"04 1.2765"too Nim 0.97375 0.140683 0.1461.15 1.30064 0.358148
3 S.3020"-041 1.1726"+$00 NM 0.97346 0.40618 O.Llh345 1.30191 0.35598
0 3.8to0"-O4 L2817'too U4m 0.97.392 0,41237 0.147005 4.299314 0.36176
5 4.5720"-U4 1,3015"to0 NM' 0.97'4SO 0.4?536 0.4pksqj 1.290014 0.37387
6 5.8'4W-04 1.3137"+00 440 0.97L462 0.43312 0.04215 1.?q418 0.38117
7 9.9040".04l 1.3a4o"+00 rim 0.975,15 0.47306 0.53405 1.07447 0.41903
8 1.3716"-03 14290Z0+00 Jim 0.91771 0.49844 0.56034 1,26384 0.44337
9 4.7780".0S .4.0304+00 440 0.97788 0.52034 0.S5*641 1.2s379 0.4h714
10 a.1s9O*-o3 1.54159,00 440 0,97586 ,500041 0.60294 1.20079 0,41%437
11 4.6670"-OS 4,59%5*+0 Jim4 0.97947 0.57060 0.6370'4 1.21640 0.51472
12 1.7432"-03 111994"+00 tip Q*960?2 0.57640 0.6388'4 1.117se 0.510244
43 9.7666"-03 1.187la"M0 140 0.96007 0.57130 0.63364 1.23019 0.51540
14 2.1940"-03 1.604s,+00 NiM 0.960a9 0.1780S 0.64004 1.?2650 0.51*9
45 2.870?1-03 1.6202"+00 40M 0.96067 0.1814114 0.64064 1.22W6 0.521471
16 1.9971"-03 1.6244,600 NM 0.95054 0.55511 0.bOO3 1.2?149 0.53208
1? 3.3020"-03 1.6945"00 rim 9.94189 0.61342 0.67463 1.109%5 0.54776
to 1.4030~-01 1.71214+00 NP~ 0.95159 0.b4988 0.69073 1.211447 0.5#6447
19 3.764.01 I.7113114+110 440 0111,3111 0.60491 0.701161 1.19374 0.5902?
10 044M0P-03 4.05li'M+O 4444 0.96400 0.161747 0.77533 1.1814. 0.64367
R1 4.5974"-0$ 4.4096*"+00 Ilk' 0,98449 0.06445 0.1'4131 4171311 0,83193
22 5.1860~-J3 2.044AI"M0 44*4 0.90bb9 0072103 0.77bbil 1.15246 0.6?368
23 S.21570"*0s1 ,06499". NP' 0.967h6 0,73663 0.78685* .14 0.65650
24 S.33400-03 2.0979"400 440 0.187%0 0.73901 0.79052 1.11016 0.89048
as 5.380S40*3 2.114"4~00 rim 0.98751 0.74235 0.19342' 4.102361 0.69456
18 S.4610::03 ?l.34)V+00 NM 0.96798 .748687 0.79901 10141021 0.70400
27 5.5685 03 042'0 NM 0.56140 0,75337 0.80341 1.15800 0.70670
26 1.76360-01 2111010+00 NM 0.04869 9.7866114 0.01482 10.4105 0.71185
19 5.81114-03 2.2.449"+00 NMf 0.96911 0,77704 0.61381 I.4Z30e 0.73310
30 5.99044-03 2.07750+00 NM0 0.149411 0474554 0.83081 1.44910 0.7045l
31 6..1750*"03 2.381"fo'0 14M 0.99000 008120* 0.84331 4.10031 0.77971
32 6.7614"-03 11,olks400 Jim 0.q9948 0.83501 0.87241 1.09459 0.74991
33 7.168*6-03 2.11915"000 414A 0.99313 0.115059 0.041201 1.07881 0.62760
30 1.7216"-0) 2.7049"*00 1414 0.10901 0.89481 0.94841 1.08030 0.45859
15 1.77'W~-03 *?.7300"+00 110 0.99413 0.88794l 00911521 4.0623% 0.66,400
36 7.79760-03 0,7511o,+0 rim 0.99476 0.89M3 0.94674 4.05994 0.86675
37 7.684W-011 1.161(1+00 440 4.19471 0.50068 0.92084 1,051411 0.88965
Is 7.912.01-0 11.791-0+04 tim 4095117 0.901146 0.9p551 J,0%469 0.07780
39 &.01164.01 2.5*44U.00 NM 0.99555 0,90666h 0.93044 4.014141 0111011149
40 5.28O0"-03 1.41260+00 444 0.99b57 0,92009 0.94641 1.040000 0.9100a
114 4.31la"-03 p.0*¶o"+Oo 4401 0.99657 0,91793 0.940001 04.0107 0.90965
02111.3sall'-03 ?,9081"4'0 JIM 0.99b33 0,991407 069Q3'41 14.04M 0.90513
03 a.41310-03 ?."S470+00 NIA4 0.99670 0.93360 0.94000 1.01675 0.41710
40 6.8301R-O$ 3.07030#00 riU 0.99177 0,45646 0.98791 1.01005 0.90411
05 9.20511I-03 I.4440*00 lim 0.99805 0.97143 0.97840 1.01640 0.96kah
a8 9.6%W0"O3 3.7009*406 144 0.099044 0.94136 0.98640 1.01030 0.07630
07 9.72161".0 3.14140"o0 44m 0.99067 0.97768 0.901370 4.04235 0.97170
08 1.01aso-of 1 .?7'*,0.00 rim 019996b 0.99410 0.9qo00 4.00026 0.9436u
49 1,0138*-Q1 ).asq9s*to 144 0.99911 0199236 0.911440 16004401 0.990360

*50 1.021010-4 1.21750+fl0 IN 0.9995' 0,1111490 0.99610 1.04162 0,94360
*51 I.0311"0*g 102731"M Jim 0.49994 0,194qg 0.946a4 1.0014 0.99360

521 .0339"-D2 3.211110#00 lip 0.99Y64 0.94639 0.99710 1.00102 0.94950
53 1.0116"-02 3.2183*400 440 0.99980 0.901707, 0.997180 .1101146 0.q9835
54 1.0795"-41 1.19?3,00 444 0194995 0.99037 0.9,18110 1.440067 0.149793
S5 1.480-01"0 IP987.0O0 !44.4 0.99194 0,94904, 0.94000 1.00003 0.99597

0 18 4.19.il*-01 1.3 0 11*#
0 9  Nk. 1.340009 1030000 1.00100 1.00060 14040004

57 1.3140*-02 3,100l44w00 4414 0,09419 0.1,1966 0.99909 1.00007 0.99903
56 I,3S75TM-0l IIM93o0#0 JIM 0.79965 0.910817 0,90650 1.00057 11.90793
%9 1.84-40"-U 1.3.1546*0 1114 0.q9963 0.99769 0.91530 4,00423 0,99707

INIPUT VANIA ILES YolloU/Ij4 AWNII PsPL)
AT 108,18,17#M1,3 DATA WECS AVERAGEDl

-,A



7004-C-4

700402041 WINTER/R/3 PRF4IFLE TABULATION 82 POINTS# DE.LTA AT' POINT 79

I y PT'2/P P/131 TO/lOD I4/MD U/Un) T/TD RHlO/RHOD*U/UO

0.0000"+Oo 1.00000+00 NM 0.97304 0.00000 0.000n0 0.2963A 0.00000
2 2.5400"-04 J1.1791'+00 NM 0.97735 0.38141 0.4p5ol 1.211208 0.34223

3 3.0480"-04 1.18921+00 NM 0.9779a 0.39079 0.43517 1.211043 0.15093
4 3.3100*Oq-0 1.1922"+00 Jim 0.9776a 0.3q373 0.43827 1.23900 0.3S373
5 4.3160"-04 1.2020*+00 JIM 0.97816 0.40304 0.44817 I.Z)640. 0.360116
0. 5.0800"-311 1.2053*+O0 NM 0.97621 0,4060b 0.45036 1.23S%7 0.36510
7 8.3s00-O'l I.11106"+0 NM 0.97554 0.41100 0.45750. 1.23413 0.37070.
a 7.bloco-04 1.21794+0O Jim 0.97513 0.41754 0.464,310 1.23?06 0.37617
9 8.6900"-04 1.22471+00 UM 0.91564 0.42529 0.47166 0.2?993 013A348

10 l.0176".03 t1123621+00 Nim 0.97911 0.43351 0.46030. 1.22779 0.39124
11 1.3970'-03 I.2463"+00 tip 0.97918 0.414204 0.4892S 1.2?S02 0.39938
12 1.62W-"01 i.252o.'*Oo NM 0.97910 0.144724 0.49465 1.22W2 0.40437
13 1.11196*-03 1.2591.600 Jim 0.97973 0.45251 0.50025 1.222111 0.40932
04 2.2606*.03 1.2717*+00 NM 0.97960 0.46251 0.50055 1.016%1 0.41899
05 2.56544-01 1.29451+00 NMk 0.440?7 0.1170.3 0.'3415%4 1.21423 0.43282
16 a.6062%01 1.1905*+00 rim 0.96027 0.47643 0.52554 1.210113 0.03282
k? 2.6410'-03 1.2537"+6l0 N4M 0.45008 0.47062 9.5202' I1.P0560 0.42789
08 l.6929,-gS 1.293'*+00 NM 0.97946 0.1179R6 0.52784 1.21302 0.43515
09 2.14321-03 1.2q72"+00 NM 0.96034 0.48190 0.53064 0.202%di 0.43763
JO 2.81194'.0% 1.30040+00 NW 0.98050 0.48430 0.53314 11.211P7 0.439Q3
Z1 2.94W4'.0 1.3014~*00 NM 0.98044 0.48647 0.53534 11.211011 0.44206
a2 3,0734"-03 1.109l"t00 N4M 0.960%7 0.49104 0.144004 .0.0910 0.44bS0
23 3.2000'-03 1.31140#09 tip 0.96064 0.49515 0.514424 1.20808 11.450,10
14 1.9444'M03 0.Sa49'OO 14P 0.98118 0.50090 0.50123 01.20o26b 0.45645
75 S.7080~-03 1.33111"M0 NM 0.96003 0.50896 0.510833 1.20344 0.41,395
26 .1.9624*-03 11.3477'M0 JiM 0.98038 0.51748 0.56703 1.2on65 0.417M2
27 4.2164"-03 1.3572"M0 11M 0.98076 0.S2364 0.57310 1.119169 0.47046
to 4.394W"03 1.13150O$0 NM 0.98200 U.33106 0.SA392 1.19503 0.48861
29 4.9sso,.Os 1.3920'.00 Jim 0.98237 0.54610 0.S5992 1.190M0 0.50044
30 1.00360-03 i.3910240 040 0.98236 0.S4S00 0.Sq790 1.09400 O.Soo#5
30 1.04000-03 1.1952'.00 NiM 0.98236 0.54811 0.s9792 1.09000 0.50245
3a 5.1308"-03 1.401l*#Do rim 0.9826S 0.511176 0.60162 0.10889 0.50603
33 1.20704-03 0.6o018*00 NM 0.98237 0.95214 0.b0192 1.16R43 0.50646
34 1.3340"-0) 1.4010'#00 0161 0.98283 0.5594 0.405112 1.16707 0.51017
35 3,4610%-03 1.41711+#00 140. 0.98295 0.Nb60*8 0.61112 0.18%12 0.51590
38 1.5850-os 1.42380#00 NM 0.911106~ 0.56540 0.6.1111 1.06396 0.51962
37 S.64420"-03 1.113q0l00O W. 0.9435a 0.571432 4.(o140 1.10401? 0.128110
38 6.0l14*-03 1.45%0*+00 fit, 0.98363 Q.5A319 0.0.3300 1.1773&1 0,53766
39 i..3206*-O3 1.46110'00 NM 0.98140 O.58fi05 0.0.3860 1.17%14 O.S4334
40 6.60400-03 1.11601"+00 NM 0.98411 0.59774 11.04711 0.07?00 0.510213
40 6.94506-01 I.S0314*00 Nti 0.9"4'9 0.60160 0.6%51P0 0.16749 0.564106
112 7.36ool-03 1.52174+00 NM 0.98488 0.U0194 0.bbalo0 0.16364 0.57405
43 7.4422'-01 0.1596"f00 NMA 0.91%4? 0.6338 0.49M22 1.01%A30 0.516896
#4 1.4930"-03 1.51191+00 NIA 0.98534 0.63550 0.48369 .1,W744 0.56070

'1 1.5691*-Ol 1.15M*4a'00 NO 0.910532 0.61782 0.uA599 1.01S649 0.59312
46 7.40.001-03 1.1111111100 Jim 0.98526 0.63837 0.6114319 0.15613 0.59370

All 7.u9u2'-03 1.4599'*00 NW 0.89664 0.63044 0.bftusq 0.015653 0.59367
118 7.523P~-03 1.50701"+00 NM 0.94367 0.04775 0.095%39 1.052512 0.60337
49 7.9sol-43 1.119180+00 NIA 0.96626 0.65380 0.7n0?9 1.111156 0.60954
50 6.0771".03 10.191111#110 rim 0.96416 0.65380 0.74199 0.014005 0.60952
11 G,3312.03 0.6014*f00 Jim 0.981a42 0.0.6388 0.70079 .1,11632 0.6200652 &.511511".03 1.61211+00 riM 0.98670 0.67256 0.708q8 1.114M6 0.61903
S3 663l.3 0.64900000 Nim 0.98609 0.07943 0.72S58 0.039711 0.636A6
54 6.9661.Os0 1,69614+00 NM 01.9617M 0.66977 0.70639 1.04405 0.62168
15 9.0932'-03 1.6605'600 NM 0.98720 0.861143 0.731006 1.11786 0.64263
V1. 9.474P~.01 11.69024+00 NM 0.9876) 0,64776 0.742108 0.03259 0.61165
97 9.11770"-os I.7ai3*+Oo N4M 0.98616 0.71934 0.156O7 1.114617 0.60111
5811 9.82960-01 1.1260#00O NH 0.98517 0.713100 0.710717 1.12607 0.67234
119 

9
.90Is0*-0 0.74116'i*0 NO 0.986537 0.11412 0.71777 1.11599 0.67298

80 q.10566*-O3 1.7409"#00 Jim 00"41)4 0,70635 0.76167 1 . 24114 0.47756
"61 0.00.0*-0l 1,74h1*100 404 0,91115, 0,12002 017410071.29 0.68040
62 11.0100'"-92 0,75400'.0 Nim 0.96651 0.72234 0.78527 1011440 0.68082
63 1.02574-01 1.76294*f0 tip 0.98874 0.72746 0.764097 1.11030 0.68719
84 1.9389"-DA 1.7715-to0 NM 0.98892 0.732S0 0.77457 1.11807 0.69271
80 1.086bo-ul 1.600't00 Jim 0.98933 0.742113 0.763P7 1.00422 0.70197
66 .04200-0.i1 1.64404#00 NiM 0.989116 0.75218 0.79300. 0.00980 0.71460
07 0.1176"-Ol 1.484'5"t00 010 0,98900 0.M7567 0.7963o 1.10704 0.7111111
88 0.l247*-Ol 1.%q190's00 NM 0.94974 0.75M7 0.7929(o 1.10974 0.70455
69 0.140S*-0l 1.1613'.flO NM 0.99025 0.76452 0.603100 1.1(1474 0.72736
10 0.1600.0*4 1,90?41#00 NM 0.94079 0.77900 0.60656 0.19A47 0.74336
71 I1.2tW7-02 1.9337"*00 tip 0.99000 0.78987 0.6260% 1.041370 0.71528
72 11.3%60.'02 2947000#00 NM 0.1"4143 0.63405 0.564614 0.0744% 0.8047
73 1-51109w-01 I.P474"M0 NM 0,99509 0.86667 0.90923 1.0111010 0.816107
79 1.6076*-0l l,3740's00 0404 0.99616 0.91a00 0.91802 0.03528 0.90605
75 1.7374"-Ol2 .4167"M0 NM 0.99804 0.9%797 0.90701 0.0184S 0.9490a
76 1.83131-02 2.5191109*00 NMl 0,99904 0.97981 0.98410 1.00920 0.975113
77 1.97100-.02 l106303000 NM 0.99959 0.99310 0.99460 1.00303 0.94100
76 i.lab85-02 2.86968+00 NM 0.99990 0.99767 0.99820 11.00106 0.99705

0 79 2.2?004-01 L67810+'00 NM 1.00000 0.00000 0.00000 0.00400 0.00000
80 a.43641"-02 1.076%1+00 NM 1.00000 1.00000 1.01000 1.00000 0.00000
Ml 1,5679-02 l.87111+00 NM 0.99976 0,9902a 04.99%*' 0.00405 0.09995

441 .111184-02 l.67036+00 N404 0.99976 0.999811 0.94130 0.00005 0.99905

INPUT VANEAULgs Y#MU,'UD A$IUMK *MPD
AT 194e011#219,01#4059 DATA WERME AVEPACID



7004-C-5

70040205 OINTQl/t/3 "RnFILE TABOJLAYION 89 4'OINTO, DF1IA At POINT 6'J

I y P7,'/D P /Pr) TO/TOO %1/210 ulUA /11)t kiO /P MOD *u /UO

k 0.O00O010 1.0000"#60 lip. 0.97305 0.00~00 0.00040 1.286'1" .0.oOu
2 a.540y-O04 1 .11179, too 14 0.81 Is 0.57073 0.01840 1 .1I7110?ý 0.52074
3 1.1020"-04 I.'4321"too F'

4  0. 0360 0.5792.4 0.07750 1.1735/ 0.53'jTO
(4 1.61001-/L l.'i/0,jto0 NIm 0,98405 0,58657 0.0460F/ 1.17117 A.514201
5 Q.S720'-O0 I.q~hB"f90 ;J1 0.96'410 O.5935,3 0..'J170 1.Ib69 O.b~406
1b 5.0110'-0'4 I.'4660'0oo Nu 0.984031 0.54894i 0.60690 I.16ci5 0.51'j54
7 b.U019"-/4 I .'46'42+00 Ill 0.984714 U.IOO8ti 0.4A60 *I6o~ 02h'408
5 1.4740"-04 1 .'4qbb"00 NI' 0.98503 0.61SP11 0.04340 1.160".J 0.S716S
9 9.1440'-o'4 1.5201.400 N 0.985116 0.61716 0.07940 1.15431 0.oi'osl

10 1.0414"-01 1.41377"#10 NO1 0.991579 0.63732 Q.u41420 1.111751 (1.593b6
II 1 .50060..03  I.552b'$00 N'4 0.98586 0.60189 0.o01.40 1.1094% 0.bO01

13 1.55426-03 1.586041#00 101 0.96655 0.661`12 0.707340 1.144470 1.b1564

14 2.06.28"-03 I.Sq91t',0 Nw 0.966811 0.1J67111 0.71300 1.14045 fl.bR1192
IS1 ?.3168*-03 1.61431M0 (im 0.116723 0.67476 0.71990 1.13APA .O1b2141
lb a.6670'-0 1I.62311#00 NM 0.96716 0.67qO 0.7?390 1.13632 0.0370b
IT 2.7932*.03 l.6362'sod NP4 0,911731 0.66465 0.77910 1.101'44 0.694310
lb a .619#4H-03 I.614116to0 ?IN4 0969741 0.4-8100 0.71310 1.1313 0.6471.17
19 2.6702".93 1 .60116'400 14M 0.q87113 0.66910 0.71330 1 :132 19 ().W`717
20 2.94b4".03 1.64116'00o lip, 0.967113 0.60010 0.71310 1.13139 0.647117
21 1.9972"-OS 1.64614'*00 NM 0.96763 0.b9016 0.1311%10 1.13196 O.bliam6
22 1.14960-03 1.65o1'tOO 11M 0.98177 o.b9312 0.71710 1 .11091 0.1211170
a3 3.2760-03 1.6607'fo0 NOM 0.947911 0.495683 0.71970 1.119-01 0.6114611
ail 3.40160-031I.67112000 NiM 0.984001 0.70720, 0.714510 1.12703 0.W040
AS 3.113W01~o 1.6738"#00 Nu4 0.06600 0.70163 0.74500 1.11744 0.68079
26 3.8100"-03 1.66817"#00 tiJ 0.98623 0.70009 0.71110g 1.12406 0.606.4
17 4.06410"-O$ t.7006~400 ti" 0.986640 0.7132 0.74S590 1.1236S1 0.67309
20 4.3130"-03 1.7163"#00 Nim 0.98679 0.719814 0.76190 1.11024 0.611009
29 '4.52112"-03 1.7349"*00 NM 0.96907 0.7?7116 0.76900 1 11716 0.606111
s0 4.60006N.01 1.7'1I41#00 NM 0.916913 0.7%003 0.171110 1:11610 0."4107
At 511.11106".01 I.76ar"M0 NM 0.96947 0.71883 0.77930 1.112116 0.70040.
1Q S.20700-03 1h7oo1"fof tiM 0.9694? 0.74017 0.780110 1:111q% 070*
13 11.8432*-Qs1 .77`10400o f4M 0.98968 0.74038 0.703*0 1.110111 0.705119
14 S0.31400'-031 .77540#s00 NO 0.99968 0.70367 0.74390 1.110111 0.701119
35 51.4102"-Q) l.7784"600 NM 0.969791 0,7401501 0.78500 1.110110 0.10714
16 11.4610".03 1.T77110'0 tiM 0.96966 0.70387 0.10390 1.110111 0.10589
37 1.6134"-03 1.76140#00 NM 0.914961 06746474 0.71160 1.10941 0,70609
16 S1.1400".031 l.0036"foo Jim 0.19009 0. ?S491 0.79390 1 .10596 0.717113
3 9 11.66740-03 1 .606'15"M NM D.940107 0.711096 0.74000 1110602 0.71709
do0 5.94440'-01 I.80d.1#'00 Jimt 0.99014 0.711601 0.79090O 1.10IN1 0.71002
01 6.0734"03 1.61'1294#00 NH 0,990311 0.76302 0.60110 1.102117 0.7264?
Q~ b.5P276'..3 I.6370"to0 (114 0.91101;1 0.7671;9 0.801110 1.10060 0.731fis
03 6.6071".03 I.8i441'too WO 0.99066 0.77109 0.00940 1.09M19 0.73b09
00 1.03516"-03 l.11710'$fl0 NM 0.991al 0.71115 14.617110 1.091120 0.74641
05 I.3131"-03 I.1111040#1) N4M 0.99127 0.7A674 0.616140 1.04P69 0.71116
116 I.DaOO-.03 l.9109~000 tip 0.991163 0,F9439 0.8129110 1.06916 0.76100
07 7.77210-01 1.91363000 Nk' 0.99201 0.50312 0.51700 1.051919 0.77079
46 7.64361.03 l.03631#00 114 0.9490? 0.8032 0.611"14 1.061119 0.77079
49 7.64941-03 1.4363"#00 NM 0.99121 0.80312 0.83700 1.051104 0 71079
so 7.9710-41 I.*4210'00 NP 0.99194 0.601114 0.51660 1.011461 0.77312
111 6.0260'-03 1.44410,00 NM 0.99194 0.801134 0.536110 1.06461 0.77322
112 6.11660-01 1.95109*#sO NM 0.99127 0.60960 0.64260 1.06319 0.77789
S3 6.30186"03 I.916tl0'00 NM 0.99aps 0.61161 0.544110 1.08117 0.70036
114 *.43128-0) 18`1126"400 Nm 0.99240 0,615119 0.60760 1.0605S 0.76460
11S 6.51196*.03 1.9630"#00 NM 0.99Z73 0.61906 0.63090 1.07427 0.7880D
119. 5.6392"-03 2.0073"400 1IJM 0.9929115 0.61709 0.611780 1.07516 0.7*414
S17 9.0932*-03 1.0122'+00 NO 0.99320 0.83198 0.66210 1.07372 0.60190
115 9.3120'.03 I.03S'I+00 111A 0.99393 0.63695 0.66640 1.07162 0.60649
119 4.3980-03 v.03711,+o 14M 0.99303 0.836951 0.86640 1.07162 0.60849
60 9.6.012".0% 2.06244400 NM1 0.993011 0.60441 0.87390 1.06610 6.611173
61 9.65112'il- 2.07791+00 NO 0.90366 0.64979 0.87740 1.06603 0.623051
62 1.0l05*-Dc7 Z.l057"+00 NOM 0.991423 0.816046 0.68080 1.06231 0.812'00
63 1.0210-~02 2.I0640#00 NM 0.94002 0.611670 0.611490 1.06196 0.613V1
60 1.02670-02 1.IIUS'*+0 NO 0.19*30 0.566019 0.861660 1,06137 0.631130
65 1.03140-082 .11$41+00 NM 0.99411 0.66200 0.M200 1.06073 0.637351
66 1.0414,092 l.1240+'00 NM 0.99003 0.86031 0.66960 1.011970 0.63967
67 1.04610-02 l.1240+'00 0dM 0.99/443 0.66037 0.111160 1.0%0*70 0.4394V
66 l.06170-0l 1.1511904'0 NM 0.99481 0.11Y383 0.89780 1405W66 0.611011
69 l.070w..0 ii.isoal't00 NM 0.99067 0.67209 0.86960 1.05161 0.608114
70 1.0671'..0l 1.1614"00 NM 0.99090 0.87506 0.80990 1.011091 0.611139
71 I.00998'0l1 P.M656.oO NM 0.99104 0.07674 0.90030 1.011446 0.611360
72 l.11761-@2 101960*0+0 NM 019*539 0.66111 0.90790 1.011011 0.661435

13 l0:1131 1.11190*00 NM 0.991137 0.69109 0.91220 1.047911 0.670116
I4 OR76'0 16113110+$00 NO' 0.991170 0.59739 0.,917110 1.001131 06117771
7s1 .16160-082 .13I110*00 NO 0.99919 0.s6R86 0.91630 1.04511 0.67665
76 1.2014"-041 l.11730+00 NM 0.995104 0.90370 0.92170 1.001110 0.601106
77 1.2168"mOR 81.7117w#00 NM 0.99624 0.98698 0.92710 1.04027 0.69111
Is 1.26AI"0'- 8.30310+00 NM 0.99660 0,916S6 0.93360 1.03666 0.90041
79 1.41164-08 1.40*10940 NM 0.94M9 0.9110*0 0.96110 1:0917h 0.1040711
so 1.19770-01 1.111466'00 NM 0.99492 0.9746A 0.98010 Iloilo? 0.44116
111 1.40166*08 1.51%984+00 14M 0.99936 0,06561 0.96690 1.00627 0.96270
Is I.0390"-01 1.11940'to0 NM 0.99964 0,99456 0.99510 1.001219 0.99343
Is 1.9979"002 2.6061+06, NM 0.999*6 41.997611 0.99620 I.0011 0.9970?

D 64 Roofs)"-O 1601S54#0 NM 1.00000 1,000040 1.00000 1.00000 1.00000
is I.l1130'.0I 81:61115'40 NM 1.90000 1000000 1.00000 1.00000 1.00000
66 8.3113"-01 1.6166'soo NM 1.00001 1600079 1.00060 0,99961 1.00096
87 l.1631'0l0 8.61154#00 NO 0.00000 0.00000 1.00000 0.00000 1.040000
114 1,9470'0-0 8.61,15"to*0 NO 1.00000 0.00000 0.00000 0.00000 0.00000
69 3.8216'044 l.11 .1S'*00 NO 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIASLIS Yo9MUI)U A881.04 PuPo
AT 1s,1,55.9OAIA W149 AV9RAGED



* ~700)4-C-6

70040206 KINTEVR/113 PRorTLE TABUJLATION 98 POINTSe DELTA AT POINT 94

I Y PT2/P P/Po TO/TOD M/lD U/UO T/Tb RII0/RHOVU*U/U

1 0.00000+00 1.00001+00 Nm 0.97453 0.00000 0.00000 1.26036 0.00000
a 2.5400"-0'J 1.444(5"V00 NM 0.98529 0.61219 0.65595 1.14808 0.57135
3 3.3020"-04 1.o551"t00 PNM 0.968564 0.62104 O.b6401, 1.1454J2 0.58028
4 3.6100".04 l.o8fibO00 twm 0.96634 0.b3908 oa.0249 1.13q02 0.59919
5 4.5720"-04 1.4970"#00 14M 0.98070 0.64577 0.68860 1.13703 0.60561
6 5.0600'-04I 1.1115"foo NM 0096861 0.b5354 .0.6600 1.13416 0.61367
7 5.0420"-04 1.5220*000 NM 0.46716 0.65966 0.70191 1.13219 0.61996
a 6.60400-04 1.941110#00 14M MOTU'IE 0667339 0.71493 1.12717 0.61417
9 7.87W-04~ I.Sb2oot00 NM 0.98774 0.b8067 0.72180 1.12062 0.64185
10 1.00ldl"-03 1.6lA4"t00 NM 0.98892 0.70904 0.74857 1.11462 0.67199
Il 1.1684"-0) 1.6o1:atoo PNM 0.9890S 0.72012 0.75879 1.11026 0.68343
12 1.2954".03 I.6579"#00 NiM 0.98960 0.7274D 0.76610 1.10771 0.09160
23 1.44780-03 1.67600#00 PNM 0.98990 0.73625 0.77301 1.10062 o.7oosa

19 1.7014".01 l.6809"t00 NM 0.99010 0.742SL4 0.77961 1.10216 0.70722
1Is 956.~ 147127"to0 PNM 0.99056 0WWI7 0.78893 1.041855 0.71815
16 a.a098"-O3 I.7414"t00 Nm 0.99089 0.76320 0.800214 1.093b9 0.73169
17 2.4692*-03 1.7531"+00 PNM 0.99109 0.77016 0.80475 1.09183 0.73706
18 2.7432**03 1.773D'tOO NM 0.99156 0.778511 0.810'6 1.0141413 0.74608
19 2.519o*-Ql 1.767b*+00 NM 0.99126 0,77628 0.81025 1.00944 0.74373
10 2.8702'-03 l.7762"O00 2dM 0.99163 0.77980 0.81352, 1,00035 0.70751
21 2.94611'-Q3 1.6141.000 NM 0.99163 0.76199 0.85ts6 1.08700 0.70989
12 2.9172*.03 1.7814,to0 NM 0.99163 0.711199 0.52,'J6 1.00744 0.74989
k3 3.07W0-03 1.7810*000 NM 0.991%3 0.78930 0.51746 1.08635 0.75249
10 1.149b'-01 1*71548'O00 tiM 0.99172 0.70546 0.01854- 2.086fl7 0.7370
25 3.2766"-03 1.80470000 NM 0.99167 0.79232 0.6146? 1.08332 0.1612%
ab 3.40361-03 I.6l?10+00 NM 0.99R10 0.79445 0.8?667 1.01270 0.7613S
17 3.5306-03 1.6ll5*t00 NIM 0.19203 0.79064 0.82677 1.00251 0.76376
al8 3.6510"-Ol 1.6264"+00 PNM 0."9311 0.600028 0.83208 1.0811 0.769s1
49 3.81004-03 1.63000000 PNM 0.99211 0.50192 0.03318 1.07909 0.77183
30 3.1370*-Ql l.114286+00 NM 0.9256 0.066b3 0.53749 1.077417 0.77691
111 4.21640-03 1.8567"+00 PNM 0.99263 0.81201 0.84219 1407"7) 0.7di90
32 4.49581-03 1,4679,0O0 14M 0.99260 0.61631 0.80600 1.07407 0.78766
31 d2.74960-03 1.08514+00 NMA 0.99316 0081180 0.5%141 1.07160 0.79866
34 5.0031"-Ol 1.6937"+00 tiM 0.99320 0,I12b0V 0.8061 1.07030 0.79688
35 s.23awn-03l l.90fl0'*00 NIM 0.99345 0.Sp638 0.550.1 L406957 0.810099
36 S.28321-03 l.9082'00o PNM 0.99339 0.83144 0.55932 1.08617 0.60408
37 5.0060-03 I.90000+00 PIN 0.99305 0.28186 0.65671 1.06937 0.60049
38 5.3110~-03 2.901OW400 14M 0.993t7 0.0 "06 0.55751 1.06679 0.60132
39 5.0356'-03 I.90311"M PNM 0.94323 0.62954 0.05761 2.06683 0.6023q
40 S.40S64003 1.9136'Nt0 PIS 0.99361 0.83343 0,06112 1.0065S 0.60603
41 S.Sbab"-O3 l.9136*#00 PNM 0.99361 0.83343 0.86111 1.06755 0.60663
02 5.6188,-03 I.91401+00 PNM 0.99362 0.85151 0.86261 1.06669 0.808686
43 S.IbS$*-03 1,93061#00 PNM 0.99360 0.6)963 0.86643 1,064114 0.81367
44 S.6928N-os 2.43AGN440 NM 0.99396 0.84261 0.86913 1.06144 0,61690
011 6.01960-03 1.9316$00 NIM 0.99393 0.80105 0.66813 1.06441 0.61560
06 6.122110-0 I.9d215'$Oo NIS .94390 0.84393 0.87021 1200394 0.68183
47 tA.24910-03 l.95l7l#00 NM 0.99409 0867124 0.57314 2.06206 0.62212
'26 6.4216103 2.90636*100 PNM 0,941t3 0.611146 0.86747 1.06046 0.01691
09 6.66020-03 1.97184#00 PNM 0.99010 0.85135 0.57924 2,05912 0.83017
SO 6.91964-03 J.9902N*00 NM 0.99061 0,86221 0.88605 I.Wo~b 0.83901



7004-C-7

700402.06 YtINYERI/S/ PROFILE TABIULATION 98 POZNTSo DELTA At POINT 941

I y PT*/P P/po TO/TOO N/N4D U/UO T/TD RHO/RMOL)*U/UT,

'01 7.2136'-03 1.9973"+00 1dM 0.994460 0.d6329 0.86695 1.05558 0.84025
52 7.4950*-0i3 2.0117*+00 NM 0.99488 0.66825 0.89126 1.0537o 0.014563
S53 7.7724*-03 a.0236*$00 NM 0.99489 0.87230 0.89466 i.05141 0.85050
Ste 7.840b"-03 2.0238'+00 NM 0.q9496 O.e723a 0.894176 1.0519h 0.850si
55 7.699LJ"-03 2.032s10+00 tip 0.99S13 0,87528 0.0972? 1.05087 0.58931
56 7.99sb".U3 2.0240i+00 NM 0.99520 0.87429 0.89647 1.05138 0.85266
S7 8*0264*.03 2.03461too NM 0.99530 0.8760* 0.84747 1.05(71 0.85462
so 8.14026.03 2.04310+00 NM 0.99527 0.87891 0.90037 1.04941 0.85796
it ti.1786'.03 2.0466"#Oo NM 0.99523 0.86074 A.90187 1.0JtpSV 0.86010
00 8.3058"-03 2.0486'#00 Nid 0.99523 0.88074 0.901(17 1.04657 0.86010
01 6.43280-03 2.01976+00 NM 0.99546 0.88446 0.A0506 I.0071 0.861411
62 8.7122l*"0 2.0732*too NM 0.99566 0.66693 0.90886 1.04S40 0860941
03 8.6392*.03 4.0154,f00 1M 0.99584 0.08961 0.909%5 1.00526 0.61019
04 6.9662""03 2.0647e'00 NM 0.99577 0.89173 0.q110q 1.04361 0.$7379
4s 9.24561-03 2.1009.0#0 NM 0.99605 0.89802 0.91659 1.04178 0.07963
46 9.3960*"03 ?.1090*#0U NM 0.996te 0.90007 0.91879 1.04065S 0.88290
0? 9.4700-03 Z.10904toQ 1dM 0.99610 0,9001,7 0.91879 1.04065 0.88290
68 4.7282"-03 ?.1lA0*.00 NMi 0.099.7 0.90538 0.90220 1.0)644 0.86830
09 1.00080-02 2.13410#00 NM 0.09659 0.91002 0.9267D 1.03M0 0.6*363
10 1.4Il0fl"02 2.13631+00 NMJ 0.99654 0.90944 0.92620 1.03721 4.69297
71 1.0236*-02 2.13W$'00 NM 0.996531 0.91043 0.9?701 1.c0674 0.89415
721 .0287'-02 2.l500'tOO fNm 0.99679 0.91362 0.92991 1.03552 0.6901
73 I.0361*-02 2.1477"*00 NM 0.99459 0,91308 0.92U21 1.03565 0.89712
74 1.043'."-02 2.15270*00 14M 0.99663 0.91465 0.93051 1.034q9 0.69906
IS 1.0990"-oI 2.15W#~00 NM 0.9907! 0.91550 0.93131 1.03471 0.90007
76 1.05460-02 2.15410+00 NM 0.99681 0.91036 0.93201 1.0)440 0."0202
7' 1.0411"002 2.16088**0 NM 0.99686 0.9172 0.93271 1.03409 0.90147
78 1.0420'.ýp 2.0l"2~0O NM 0.994-66 0.92077 0193562 1.03251 0.

9
061'j

79 1.0971*.0Z 2.1747,4*00 NM 0.99094 0.92)59 0,93632 1,021M 0.90710
60 ldl100*-02 2.1871*4.00 NM 0.99704 0,92548 0.9399R 1.030ql 0.91165
61 2.2"9 .1931+~00 NM 0.99783 0.92747 0694Ifl9 1.02909 0191391
82 l.Mil~d-0& 2.19674#00 NM 0.99723 0.42806 0.94202 1.02943 6.q1509
63 1.1633*-0? 2.iallofoo NM 0.99704 0.91615 0.9404'3 1.020'l1 0.92403
64 1.1887'"42 2.2271*#00 NM 0.99757 0.9370.a 0.94973 1.07%60 0.9260.3
65 1.1013"-02 2.2241"+00 NM 0.99704 0,93690 0.9400S 1.02008 0.92491
46 l~1I~ 2 .238?M#00 NM 0.99766 0.941le 0.9S26.4 1.0242 0.93M1
67 1.20I10-04 2.?5)2me')0 NM 0.9476 0.94574 0.95624 ý.oaa31 0.93536
68 1.2700"-02 2.2614"M0 NM 0.99809 0.94623 0.95835 1.021uo ý,93621
49 1.49170-02a .3249"060 NM 0.99877 0.96708 0.97367 1.01366 0,96054
9o 1.6076"-0?2 .37306*00 NM 0.99937 0.96123 0.96506 1+00767 0,q7739
91 I.6042".02 2.1938'foo NM 0.119S4 0.9570&1 0.96969 t.00542 0.9h035
42 l.6'191l,2o2 .41680+00 NM 0.99978 0.943S5 0.M9941 1,00M7 0.99221
93 1.9380"-02 0.'e2SP4,00 NM 0.'*987 0.99S45 0.99680 1.06170 0.99510

0 9.4 2.1030-020 0.43470#00 Iom 1.00000 1.00000 1.00000 1.00000 2.00000
95 2.SM"420 2.44560+00 NM 1.0002S1 1.00165 1.001410 0.941"o i.00191
96 2.76391-02 1.49260#00 NM 1.00012 1.00063 1.06070 0.9997S 1100095
97 3.01500'*02 ?.4016'to0 NM 1.00012 1.00043 160011?0 0,99975 1400495
98 3.2610-02I 2.4426"#00 H44 1.00012 1.00063 I.00,10 53,0997s 1.00095

l11MUT VAR1A0LLS YtmtU/UD AUS311M! PvPD
AT lx12,~26,8.4*#%3o0J,71,80 DATA WERE AVERAGED



7004-1)-l

SECTION D: ADDITIO14AL DATA.

FACSIMILE FROM SOURCE PAPER: NB. AUTHORS' SYMBOLS AND UNITS

PRESSURE DISTRIBUTION AND SKIN FRICTION.

e a 0.597 Moo.801 -. 1,390 10- 39

Re 9.65•x 106 R.. u9.98 x 10 Re 50. 106 Re*4 10.2 x 106

x 9 c 1ý o 0 of c O0 1 c v 1o 0r c x io3
in d" P P P a p 6 'Of

3.o 0 0.311 0.493 3,92 0.371 0.631 3.66 0,413 1.050 2.52 0.17 1.053 3.88
3.0 90 0.310 0.369 0.407 0.IA06
3.0 -180 0.314 0.37. 0o..9 0.402
300 - 90 0.030 0.368 0.411 o.4101
6.0 0 0.202 0.530 3.70 0.262 0.681 3.70 0.427 i.C.0 1.91 0.433 1.042 3.79

12.0 0 -0.222 0.666 3.59 -0.18 0.900 3.87 0.153 1.231 0.68 0.151 1.260 1.01
15.0 0 -0.382 0.715 2.80 -0.458 1.012 3.37 -0.040 1.42*7 2.24 -0.042 1.438 '3.
18.0 0 -0.359 0.720 2.37 -0.499 1.032 2.72 -0.180 i.582 1.78 -0.181 1.593 3.17
21.0 0 -0.-13 0.694 2.45 -0.349 0.560 2,37 -0.281 1.711 1.69 -0.281 1.727 3.37
21.0 90 -o.313 -0.348 -0.280 -0.284
21.0 -180 -0.310 -0.346 -0.279 -0.275
21.0 - 90 -0.313 -0.350 -0.279 -0.280
24,0 0 -00145 0,642 1.83 -0.133 0,861 1.62 -0.273 -0.302 1.759 2.72
27,0 0 -0.004 0.598 1.53 0.027 0.768 1.27 -0,256 1,679 0.65 -0.258 1.695 2.23
28.5 0 0.037 0.485 1.42 0.06- 0.770 1.25 0...a8 1.669 0.71 -0.2m 1.626 1.92
30.0 0 0.058 0.578 1.35 0.095 0.758 1.W0 -0.204 1t,61 0.74 -0.1% 1.561 1.54
31.5 0 0.073 0.573 1.59 0.106 0.752 1.48 -.0.116 i.y0 1.9*? -0.109 1.,"9 1.58
33.0 0 0.06o4 0.569 1.47 0.117 0.748 1.39 -0.062 1.450 2.99 -0.070 1.467 1.43
34•5 0 0.050 0.567 1.47 0.123 0.745 I.4 -0.021 1409 2.90 -0.036 1..34 1.34
36.0 0 0.103 0.563 1.48 0.137 0.739 1.44 0.009 3.379 2.90 .-0.010 1.406 1.31
37.5 0 001t5 0.559 1431 0.149 0,733 1.35 0.0342 1.356 2.58 0.046 1.381 1.16
40.0 0 0.156 0.545 1.31 0.197 0.711 1,19 0.091 1.304 2.24 0.093 1.310 1400
42.0 0 0.183 04537 I.43 0,221 0,700 1.38 0.196 1.215 1.73 0.166 1,247 0.83
42•0 90 0.181 0.216 06191 0.46
42.0 -100 0.182 0.222 0,1i9 0.t68
42.0 - 90 0,176 0.219 0.19i 0.1"5
44•.0 0 0.1t6 0.%42 1.40 0.0 0.707 1.s2 0.249 .173 1.75 0.200 1.219 0.91
450. 0 0.138 0o,52 1.62 0, 78 0,720 1.53 0.228 1.82 2.02 0.196 1.22t 1.14
47.0 0 0.itC 0.5.0 172 0.150 0,733 1.74 0M208 1,206 2.24 0.08 1,229 1.33
48.5 0 0.103 0,563 1.76 0033 0740 1.79 0.191 1,219 2.46 0A178 1.237 1.56
50.0 0 0,092 0.567 1.85 0.128 0,743 1.84 0.159 1.222 2.50 0.176 1.238 1.71
51.-5 0 0.06 0.%9 1.79 0,124 0.745 1.70 0.186 1.223 2.30 0.178 1.237 1.70
53.0 0 0,074 0.573 2,12 0,116 0.748 2.02 0.197 1.210 2.63 0,188 1422 1*.97
51.r5 0 0,056 0*5'8 2.10 0.097 0,757 2.06 0.197 .215 2.63 0.190 1.227 2.05
56.0 0 0.037 0.565 2.10 0.077 0.766 2.09 0,218 1,197 2.44 0.207 1.213 2.00
57.5 0 -0.000 0.597 2.47 0.03o 0.783 2.30 0.229 1.189 2.63 0.222 1.201 2.09
59.0 0 -0.063 0.623 2,47 -0,047 00.22 2..% 0.248 1.174 2.56 0.236 1.t9 2.17
"5.0 90 -0.074 -0.037 0.254 0.2414
59.0 -S0 -0.m000 -0.oh4 0.246 0.237
59.0 9 90 -0.061 -0.045 o.253 C.237



7004-D12

SECTION D: ADDITIONAL DATA.

FACSIMILE FROM SOURCE PAPER: NB. AUTHORS' SYMBOLS AND UNITS

PRESSURE DISTRIBUTION AN7D SKIN FRICTION.

N 1.404 M = 1 .700 m = %996 Mi - 2. 000

Re a 19,97 x 106 Re = 10.08 k 106 Re t 4.98 Q106  
Re f 9.9 106

x ' C m 10 C w6  103Or C N8  i03 oa C V6  l03 f
in dLog 6 O p 6f p 6f p

3.0 0 0.l417 1.0517 3.95 0.360 1.319 1.40 0.333 1.553 1.91 0.325 1.567 1.27
3.0 90 0.403 0.351 0.334 0.327
3.0 -1•0 0.400 0.350 0.330 0.324
3.0 - 90 0.408 0.350 0.329 0.3236.o 0 0.437 1.043 3.20 0.368 1.311 3.93 0.333 1.553 1.4 o.0336 1.556 3.63

12.0 0 0.155 1.261 0.91 0.166 1.501 3.69 o.166 1.737 1.4.2 0.163 1.749 3.20
15.0 0 -0.040 1.442 0.000 1.696 0,029 1.933 1.46 0.022 1.9% 2.54
18.0 0 -0.179 1.598 2.76 -0.110 1.870 2.58 -0.075 2.1030 1.12 -0.080 2,154 2.10
P1.0 0 -0.282 1*738 2.99 -0.201 2.036 2.75 -00.41 2.298 1.14 -0.150 2.341 2.19
?1.0 90 -0.284 -0,199" -0.140 -0.149
21.0 -180 -0.279 -0.198 -0.141 -0.149
21.0 - 90 -0.277 -0o.196 -0.t4O -00148
24.0 0 -0.299 1.763 2.31 ,0.22, 2.086 2.3 -0.162 2.560 0.29 -0.173 2.446 1.8827.0 0 -0.253 1.695 1.93 0,.196 2.025 1.96 -0.139 2.291 0.36 -0.160 2.372 1.73
28.5 0 -0.206 1,632 1.73 -0.168 1%966 1.90 -0.138 -0.140 2.310 1.6930.0 0 -0,156 1.570 1.46 -O134 1.903 1.60 -0.134 -0.116 2.2J4 1.5031.5 0 -0.110 1.517 1.59 -0.104 1.852 1.67 -0.115 -0.094 2.187 1.47
3.0 0 -0.0•9 1.472 1.40 -0.074 1.803 1.47 -0,083 2.149 0.30 -0,070 2.134 1.4434.5 0 -0.038 1.441 1.40 -0.050 1.767 1.38 -0.056 2.089 1.56 -0.051 2.093 1.336.0 0 -0.010 1.412 1.45 -0,029 1.737 1,38 -0.025 2.029 2.60 -0.033 2.054 1.33
37.5 0 0.016 1.386 1.26 -0.007 1.706 1.20 0.001 1.981 2.38 -0.015 2.021 %.16
40.0 0 0.089 1.318 1.13 0.046 1.637 1.07 0.038 1.917 2.49 0.024 1.951 1.1142.0 0 0.174 1.245 o.86 0.123 1.547 0.83 0.118 1.799 2.24 0.095 1.84 0.85
42.0 90 0.171 0,122 0,106 0.0%
42.0 -180 0.174 0.125 0.112 0.100
42.U - 90 0.169 0.122 0.108 0,093
44.0 0 0.211 1.215 0.90 0.169 1.498 0.92 0.181 1.718 2.20 0.147 1.770 0.9445.5 0 0,W05 1,219 1.17 0.172 1.495 1.18 0.181 1.719 2.51 0,154 1.761 1.23
47.0 0 0.191 1.231 1.40 0.063 1.504 1.46 0.173 1.728 2.45 0.150 1.765 1.53
48.5 0 0o,1f 1.241 1.54 0.156 1.512 1.75 0.463 1.740 2.60 0.145 1.772 1.82
50.0 0 0.181 1.239 1.65 0.156 1.512 1.9" 0.157 1.748 2.64 0,144 1.773 1.9851.1 0 0.182 1.239 1.56 0.10 1.5 1.94 0.153 1.753 2.44 0.442 1.776 1.96
55.0 0 0.14 1.229 1.83 0.161 1.506 2.23 0.157 1.748 2.75 0,148 1.767 2.26
54.5 0 0.194 1.229 1.87 0.162 1.505 2.38 0.10 1.744 2.69 0.150 1.766 2.35
56.0 0 0,210 1.216 1.83 0.178 1.489 2.27 0. 174 1.727 2.4-, 0.165 1,746 2.17
57.5 0 0.224 1,204 1,90 0.190 1.476 2.38 0.184 1.715 2.59 0.175 1.734 2..J
59.0 0 0.239 1.192 1.5 0.202 1.464 2.43 0.1-9 1.702 .2.58 0.185 1.721 2.37
59.0 90 0.249 0.211 0.i9) 0.1W8
59.0 -180 0.240 0.20% 0.191 0.181
59.0 - 90 0.245 0.206 0.194 0.84



7004-1)-3

SECTION D: ADDITIONAL DATA.

FACSIMILE FROM SOURCE PAPER: NB. AUTHORS' SYMBOLS AND UNITS

PRESSURE DISTRIBUTION AND SKIN FRICTION.

9= 2.002 N. 2.v 0 ,c - 2.793 M - 2.799

Re It a16.8.0.5 0 x 06 Re & 5.03 x 106 pt 10.05 x 106

x I G N 103o C m 1o0 o C m Im, 103 N iO fo

in d4o p 6 f p 8 N

3.0 0 0.330 1.%64 3.50 0.307 1.868 1.11 0.300 2.033 1.4? 0.291 2.153 1.06

3.0 90 0.331 0.306 0.298 0.289

3.0 -180 0.323 0.30. 0.299 0.288

3.0 - 90 0.322 0.302 0.2% 0.286

6.0 0 0.337 1#557 2.99 0.312 1.862 3.35 0.301 20132 1.10 0.292 20151 2.34

12.0 0 0.162 1.752 2.83 0.165 2.058 2.73 0.168 2.336 1.12 0.158 2.364 2.35

15.0 0 0.019 1.962 2.40 0.038 2o292 2.05 0.056 2.580 0.85 0.040 2.636 1.83

18.0 0 -0.081 2.162 2.01 -0.050 2.528 1.73 -0.028 2.859 0.93 -0.036 2.908 1.57

21.0 0 -0.153 2.351.. 2.17 -0.109 2.756 1.78 -0.048 2.950 1.06 -0.082 3.162 1.45

21,0 90 -0.152 -0.106 -0.049 ,.0.080

21.0 -180 -0.150 -0.110 -0.0146 -0.080

21.0 - 90 -0.151 -0.106 -0.041 -0.078

24.0 0 -0.176 2.430 1.82 -.0030 2.865 1.50 -o.o74 -0.101 3.301 1.13

27.0 0 -0.163 2.385 1.60 -0.023 2.826 1.39 -0.065 -0.096 3.?61 1.064.

28.5 0 -0.142 2.321 1.58 -0.111 2.766 1.39 -0.066 3M50 0.35 -0.089 3.208 1.09

50.0 0 -,).118 2.252 1.35 -0.094 2.691 1.31 -0.066 3.04.3 0. 45 -0.077 3.131 1.21

31.5 0 -0.096 2.196 1.42 -0.0eO 2.633 1.29 -0.068 3.051 0.87 -0.066 3.064 1.14

33.0 0 -0.074 2.1.% 1.3 5 -0.063 2.571 1.24. -0.066 3.039 0.41 -0.056 3.005 1.13

A4.5 0 -0.053 2.099 1.27 -0.048 2.522 1.18 -o.O61 3.011 0.31 -0.0+5 2.954 1.23

36.0 0 -0.035 2.061 1.26 -0.036 24,84 1.22 -0.050 -0.031 2.890 1.03

3ý 5 0 -0.017 2.026 1.11 -0.022 2.444 1.09 -0.037 -0.021 2.8" 0.95

40).O 0 0.022 1.957 1.11 0.009 2.361 1.04 0.008 2.724 0.63 0.0(4. 2.751 0.98

42.0 0 0.095 1.8142 0.83 0.066 2.233 0.91 0.068 2.547 1.55 0.053 2.600 0.83

42.0 9o 0.091 0.064 0.O66 0.048

42.0 -180 0.093 0.069 0.070 0.052

42.0 - 9O 0.090 0.064 0.069 0.050

44.0 0 0.1047 1.771 0.88 0.119 2.134. 1.00 0.131 2.407 1.96 0.to6 2.468 0.93

45.5 0 0.153 W.763 1.22 0.131 2.114. 1.33 0.147 2.376 2.19 0.122 2.1435 1.21

47.0 0 0.148 1.769 1.55 0.132 2.112 1.53 0.145 2.378 2.06 0.125 2.429 1.36

48.5 0 O.143 1.776 1.79 0.027 2.120 1.78 0.137 2.395 2.18 0.120 2.,38 1.56

50.0 0 0.143 1.776 1.93 0.128 2.118 1.90 0.136 2.397 2.20 0.121 2.437 1.69

51.5 0 0.140 1.780 1.87 0.129 2.117 1.77 0.138 2.393 1.73 O.122 2.435 1.51

53,0 0 0.147 1.771 2.13 0.133 2.110 2.08 0.140 2.389 2.06 0.126 2.426 1.77

ý4o5 0 004.8 1.770 2.20 0.035 2.106 2.12 0.136 2.397 2.20 0.127 2.424 1.83

%6.0 0 0.162 1.752 2.04 0.t148 2.C" 1.94 0.149 2.372 2.01 0.137 2.4.4) 1.72

57.5 0 0.174 1.737 2.14 0.157 2,070 2.09 0.152 2.366 2.19 0.144. 2.390 1.87

59.0 0 0.183 1.726 2.14 0.167 2.056 2.15 0.167 2.337 2.05 0.155 2,369 1.88

"59.0 o 0.186 0.170 0.172 0.159

"9.0 -180 0.176 0.I64 0.168 0.152

59.0 - 90 00181 00167 0.166 0.156

II



7005-A- I

axisymmetic M 2.96 (free stream) 7005
R THETA X 10-3 : 1.4 - 10

TW/TR : I
VPG - AW

Continuous tunttel with asymmetric sliding block variable nozzle.
PC : n.17 MN/m2. TO : 340 K. Dried Air. RE/m X 10-6 : 10 (in free stream),

ALLEN J.M,. 1970. Experimental Prestolw tube and law-of-the-wall study of turbulent skin friction cn
axi-synmetric bodies at supersonic speeds, ,NASA TN 0-5660.
Anrd Allen J.M,. private comminication,

1 The test boundary layer was formed on a "Haack-Adams body" constructed of aluminium and mounted on the
centre line of the test section. The body was not actively cooled, the temperatures beiý.g allowed to
settle for up to 30 minutes, The form of the body is given by

* (0.70700 (1-Z2] 1.5 + 0.16934 Z [E-Z2O'J" + 0.16934 cos"1 -Z 10.0
max

where Z 1(h.. -S, rmax l 46,72 mm and 1 - 914.4 mm,

4 Surveys were made at seven stations on the model surface such that the boundary layer initially accelerated
before reaching a maximum edge velocity and then slowed down slightly. The stations and MO values are

3 listed In section B. A transition strip of No 60 carborundum grit 3.2 mm wide was placed at X - 12,7 mm.
5 where 9 • 0 at the model nose. At two stations, X a 0.1778 and X • 0.6604 m, static holes at 900 Intervals

round the model provided a check on oxi-symmetry

6 Wall static pressure was measured by static tippings (d • 0.9 mm) along a single generator of the model,
except for the two stations mentioned above. A circular Preston tube (dI - 0.71, d 2 - 0.41, 1 - 15 us) was

7 used to determine wall shear stress, and also to obtain a free stream Pitot value. Pitot profiles were
9 obtained with a FPP for which hi 0 0.28, 1,2 u 0.13, bi a 1.6 ME) , I m 15 nm. The static pressure was

10 assumed constant through the boundary layer and no profile corrections were applied, Viscosity was
determined from Sutherlands' law.

12 The editors present all the profilts measured by the author, replacing the isoenergetic assumption by the
Crocco / Van Driest correlation, assuming that the model was adiabatic. The CF values are those reduced
by the author, using the Hopkins and Keener (CAT 6601) calibration. He also presents values reduced using
the Fenter 1 Stalmach (1967) Preoton tuba calibratloi,, and the Baronti & Libby (1966) velocity profile
correlation. The boundary layer edge has been set at the point with the highest velocity, as reported
by the author. The POO value is calculated from the reported unit RE value. The author also reports
additional Preston tube CF data for h a 2.6, 4 and 4.,5 but without associated profile measurements. The

13 profiles form a single set at seven successive stations, presented with Preston tube CF values at the
14 same positions.

§ DATA 7005 0101-0107. Pitot profiles. NX a 7. Preston tube CF values obtained separately,

15 Editors' comeents

These profiles are included as providing a test case In which the edge Mach number varies systematically.
The pressure gradient Is not very severe, so that the effects of acceleration should not be expected to be
very marked. However, there Is very little comparable date end the only similar test case is the experimont
with a waisted body made by Winter it 0l. - CAT 7004. In that experiment the pressure gradients are stronger
and more varieo, but profiles wore measured at relatively wide intervals,

The effects of noeml pressure vradients here should be small - the simple wave element would give rise to
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about 1 S change in static priissure across the boundary layer. That there is a detectable effect is

deonstrated by the experimentally observed velocity maxlwu, used to specify the boundary layer edge.

Thore are not many data points for each profile, and it seems likely that the first one or two profiles
art still influenced by the transition process. A further experimmnt of this type, with more detailed
measurements, would be valuable.

CAT 700', Alt I.i h0VUNjAJIY CotIvIT1ot-il L, LVdALUATEU DAT'li. 31 kIrI1T.
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":4 7006
P THETA X 10- 2 - 25

TW/TRP 1
ZPr, - AW

Continuous tunnel '.- , L symmetrical nozzle, W • 0,91. H - 1.22 m.

0,084 < PO < 0.68 if,' 5i. X3: 313 K. Air, Dew-point 243 K. 3.7 < RE/m r 10"6< 29.

HASTINGS P,C. and SAWYER W.lG. 1970. Turbulent boundary layers on a large flat plate at M 4.

RAE TR 70040, (Also ARC R A H 3678).

Also Mabey et .1. CAT 7402.

The test boundary layer was formed on a mild-steel plate 1.65 r, lonq and 0,89 m wide. A clearance of
12.7 mm was allowed on each side between the plate and the tunnel wall. The plate leading edge was
chamfered at 100 to a thickness of 0,25 mm, and ground smooth on the test surface to within 0.64 m.
Twenty two instrument ports were placed in alternate staggered rows of three and two in the central
127 mn of the plate. The port diameter was 41.3 me and the plugs were ground flush with the plate
surface to within 13 m. The plate was not actively cooled, Surface temperature varied along the plate

2 but was within +2, -3 % of the adiabatic value for a recovery factor of 0.89, The Mach number alovn the
3 surface varied by about 1 %. Transition was observed by sublimation of a surface coating of mzohenzene.

Transition was complete by approximately X w 0.2 m at the hiqhest unit Reynolds numbers and hy about
X a 0.6 m for the lowest. The profiles presented are in all cases from stations downstream of transition
as indicated not only by the sublimation technique but also by surface Pitot measurements. The sublimation

5 patterns also indicated some flow convergence, which was confirmed by en imbalance in the two dimensional
momentum integral equation of up to 25 1,

6 Two configurations of pressure tapped plugs were used, In one, static holes (d - 1 mm) were drilled 12.1 mn
upstream and downstream of the plug centre while in the other, used in conjunction with surface Pitot shear
stress sensors, a row of three tappings was drilled 6.35 me downstream of the centre on the centreline
and 10.16 mm to either side, Sections of razor blade were ground down and mounted over two of the static
holes on each of two similar plugs. The blades were about 6.35 mm square with the sharp edge mounted over
the front of the static hole. It was found that only the blades with the larger value of h (0.566 and
0.323 ma) on each plug gave reliable readings. The smaller hlades (h - 0.152 and 0.157 mm) were thought
to suffer from interference from the larger ones. The calibration function used was that presented in
figure 18 of Hopkins and Keener 1966 (CAT 6601). A floating element balance was also mounted in a plug.
The element was circular (d m 7.926 me) with a mean gap of 0.127 mm.

7 Profile measurements were made with two combined Pitot / temperature probe assemblies, These consisted of
small (di • 0.36 mn) CPP which after an approximately 10 me length nearly parallel to the flow was bent
up nearly normal to the test surface before entering a larger diameter crook-shaped holding tube. This
looped round to re-enter the plug to which the traverse gear was attached. The profile normal lay 12.7 mm
ahead of the centre of the plug. A thermocouple bead was mounted inside the holding tube near the end
of the narrow-bore Pitot. The probe could be connected either to a pressure sensor for Pitot measurements
or to a vacuum pump which ensured that the Inflow was choked, when the thermocouple was used as a TO sensor.

6 For one of the assemblies (No 1) d2 was 0.28 w whilst for no 2 it was 0.13 me. A thermocouple used for
measuring wall temperature was fitted to the same plug.

8 The arrangement of the ports was such that there ware five longitudinal rows, one on the centre line ind

two on each side at distances of 31.76 and 63.6 mm. In each row the distance batween successive ports was
254 m. The FEB was used only at stations on the centre line for which X • 0.622, 0.876 and 1.120 m.
Pitot traverses were made In the rows 63.6 - to either side, no I being used for traverses on normals
at X - 0.559, 0.813 and 1.067 m, and no 2 for traverses at X a 0.406, 0.660, 0.914 and 1.168 m. Razor blade
shear stress determinations were made on the centre line and 31.75 mm to one side, as were the associated
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static measurements. The X-values are to be found In section 0).

9 The authors have interpolated static pressure values to the orofile stations. By a leap-froq deployment
of the two razor-blade sen.ns it was possible to extend the calibration function to lower readings, and
the low-dynamic-head skin friction results were obtained in this manner. The R-THETA values presented with

10 the shear stress data are those interpolated by the authors from their own integral value calculations.
11 No profile corrections were employed and Sutherland's viscosity law was used.

12 The editors have presented all the data available to them usinq the authors' tabulated values for the
measured temperature distribution (values determined from the Crocco / Van Driest temperature relation for
recovery factors of I and 0.89 were also given). The boundary layer edge reservoir state has been arbitrarily

13 set at the nominal tunnel reservoir conditions given by the authors. The CF values given with the profiles
have been interpolated by the editori from the data given in section D. The authors' R THETA values were
used throughout, The relationship between CF and A THETA was fitted In two separate ranges, with a dis-

14 continuity In the value of CF at IR THETA - 6800 (see fig. 10 of the source paper). The skin friction data
is also presented in its original form in section D. Balance readings are only available for the higher
unit Reynolds numbers,

DATA: 7006 0101-0407. NX up to 7. Pitot and TO profiles measured with the same prohe. CF measured at
different stations with FEB and Stanton tubes.

15 Editors' Mmments

The data cover a 10 : 1 Reynolds number ranges starting with boundary layers which are still strongly
influenced by the transition orocess. Low Reynolds number effects are evident both in the profiles and
in the anomalous CF behaviour which we have attempted to describe by using a two-branch data fit for
interpolation. Comparable but fully turbulent date Is presented by Coles - CAT 5301. and the development
of the transition process is fully described by Watson at &I. - CAT 7305, though at high Mach numbers.

Mabqy at a&, used a modification of the san plate to extend the experiment, covering a higher Reynolds
number range for Mach numbers from 2,5 to 4. - CAT 7402. They observed disturbances caused by the gaps
at the sides of the plate which are not remarked here.

The profiles are described -In close detail, and measurements extend to within the momentum deficit peak.

I..jI
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CAT 
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CAT 70f* IAST1NG3 UflUN4LORY CONUXTION3 ANU, LVALUA1F2L DATA. 417 UNITS.

RUN M TliTP RLfl~w CF H12 1 i!K 111 e
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70060401 HASTIiGs PRflFTLE TABULATION 141 POINTS# UIFLTA AT PUINT 32

1 y P121P I',P0 TO/IO~ H/MO U/UrD 7/ID Rm/Hn/iOjuu/u
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11 9,S9S0*-04 11.7401"+00 tIM 0.95403 Qls.3io3ý U.736d d.18055'S U.34jil
12 1.06681-03 6.0915.400 lip 0.9113114 0.525.0 0.i.6a3a a.111qts 9.390.4
is 1.1938"-93 6.49166+001 uNm 0.96010 0.5397A 0.77672 9.47940 9.3743d
14 1.44760-03 7.066300*0 lip 0.94.379 USbrwlb 0.801ii? J.1179111 0.40465
IS 11.2118".03 4..4A00+00 NM 0.96901 0.42609 0.6403.? [.601110 0.46o436
16 d6.11111"'.03 4.4105',00 hM 0.97t.09 0*b11dOO 0.07461 1.*'1alI Q.03ess
t? .1.7176*.Q3 1.07044,01 NM 0.97854 0.11160 0.441144 1.53419 0.5611195
18 41.97111".0O3 1.1579'401 NM 069e116 0.71941 0.90~441 1.404411 Q.44651s
19 .1.4798".03 1.1ICbs,1Il NH 0.911t54l 41Q07413 4.9270,, 1.37tpo 03.0324
20 3.1111111"03 I.0827"*li tIm 0.94905 13.04040 0.94831 1.17th.1 1.74lip?
21 4.0160-03 l0700611+01 pil 0.99371 Q.00215 0.97050 I.1377? "'6311641
lie b.4117111.03 1.6074"tol t4 0.9964 9.9`51118 U494624 1.Q73142 .1

14 .509211".0 11040191"1 lim 0.996*3 099i063 9.9001169 1,026746 494
24 b.5l700-03 21041s"+61l 1110 0.999AY Q.400910 QI.9750 1.9113?7 9.98M41

is 7111600-93 1.0sl1"Vol IlM 0,904971 4.99bs3 03.9464V 1.00664 0 I. 9 fifeII
26 1.17970-03 I.0flo3ji+01 110 0,9944 0.*94~,00 43.99910 1.OWI0 13.9041ki
27 b.4126"-03 2.O,411.'II l44 lUSIJO4 9.9407414 99950 1.401`1~ 0.900420
de 9.047S".91 P.0730+401 1114 U.qq99ý O.V946111 um,19'70 1.00lu U.9481bo

*29 9.70aso'03 R.0720+
0
1 NiM 1.150905 0.0941111t 11.94910 1.00410 U6.997440

30 11.011.11".02 2.Oa,443"tt fil Q.94049 0.979Mi 4.999no l.OrlgIO 14.419690
31 1.11696".0a P.0740'*401 NM 0.94999 0.9490?4 v.094110 1.001743 0.99660

0 3i! l.2S7S".02 2.07410*0& till 1.41,0100 I.Vouflu I1.ofOQQ 1.000,4V 1.0ouitI
A 3 I.54IIS*.02 2.04760#0 1110 Q'99924 0.909-40 0.90940 1.01`140 V.909149
34 1.701111U? IAlpI64,1111 JIM 0.99939 43.409443 0.40s,099 1.101140 0.90960

INPUT VARIAULLS YviI/UD.I*N1/HH0D *3SU'4 Popp
AT 11019 DATA WE~ AVEKAGEL,

7 0 0 b0 40A HA31 1II113 PH11FILE ?ASULATIZN %7 POINTS* JiEA.11 A? PUlII% .47

I y pip#," P/111 T01100 lil#imf u.un rIIr' Rn/Inuv-uUD

1 u,05000"4u 1,O0nflj'04 lip~ 0.473%2 Q.,vfli0, U.VOUAV 3*6851114 O.Q6,00
2 .770fl"-oH ?.70Ai"*0U 14M 0.93.159 16.31091 11.3437ý !.8711j I.IoMP6
1 .24601-04 %.00'7*+Ou N4 0.91bill 0.4'67lu 11.543641 9.76371 4.91491

'I 2.744n0'.4J 3.1'401ýtc'4 NM 0.91141 U.374454 0.61451 g~ol 4.0827
5 3.3.1090'3'I 3.%344's0Q 10' 0.93605 0.441?1 3.066~43 !.blood 0.0'414
b ) .Sl0"'-uil I .7 VI.f4 II.M0 ) 0.9390k2 0309411 0.I.4304 I . ".31175 0.44u09
7 41.1181-040'qd 1.f13hlfl U N14 0.941236 1.41(43u Q6.415321, d.tI4*341 0.isod

o 5~'.1)0-0 1l.7J4.1,'*flQ dlp 0.9MTV17 0.43403 0.6?704 g.47641a 0.97126
40 .6suft"0.16i I.110440 14M 0.94013 0.46432.1 900194 41.4161) 0424111

10 1:.0600l-034 41.745.0440#1 li 0.951044 0.415509 U.70514 d.17979 0.947?b
11 9.34q80'.01 490'461)O 10, 0.91109 0.47W689 11.71751 .1.37411 03.01501b

*19 1.96OA"-03 34.l74v"tOV NM 0.901104 13.4651043 11..7?IIl 9.0111"1 0.41149
13 1.l*35.u5 I60974*tou NM 0.99bob 0.44.141 U.11114A4 g.o456 u.32000
14 1.441S'-133 3.00741t00 14M 0,9594a 16.ti1346 U. 191(p7 9.17204 V.34b?5
tS I.9'S501-0s b.4I1'Q"*0Q NTM 0.9hao? 6.311 U.'4SOU u.I u 4.040flu 16,35511
16 9.46W-~.01 7.601pu*0,0 01 0.04797 Q,30101 03.03630 1.9164!2 V.42201
17 2.97111,'.11-0 1.1i0h40fU 1,11 0.97121 Q.u?1643 U.ol?2, 1.61071 41.411019
10 3.479q*.33 9.14ld'*+A0 NkM 0.97b9 o16o3 V. 0001 1.7110g.Wi'A 0.50051
19 1.901WM.o0 1.01140001fl 111 0.97M8. 0.4110fio 1.u?94U 1.bR9pi U.51950
10 4.041110' 1.14111004,01 lip 0.98617 Q.11will 0.94dau 1.5?S4 v.b91?q
It 1.19781-91 l.?40,..l lip, 0.9410% 467751

9  16.74i3 1.4944Y V.69064
12 5.99250-01 1.3111""01 lip 0.144492 0.61101 U3.942131 1.3313M 1447111111
2~l1 4.5l7S-01 1.1341*00I NMA 0699061 10.0`1044 43.41074; I.24thao .760147
04I 1.16I11S03 1.6726"#0i NM 009,9946 0.6914;d O60.Iut 1.1791111 0.*P074
.6 I.M7-N05 i.8057"M0 NM 1.00144 0.013'Iu U.90141$ 1,109140,006193
a4 8.17860-05 1.914.'+04 lit, 1.00300 0.9619,, 0.40105 1.036311 (4.93,144
al 9.0675.0-0 1.9114V1,61 Id"l 1.00499 Q197901. 13.1.9099 1.0MA3 0.042'?
20 9.70abS,'03 ?.0d681#01 lIM 1.90401 0.904o'l 1.u00lg 1.91941 110.911M)
09 I.Q1100-.0 P.04440*#Dl 1M [.0.3 0.A' 1.00is U.44 1 I.V4 141 I1 06 03.9117119
30 1.0473.401 2.6511'j',0I 1dM l.40060 13.001tt I.uO91 160034! 0*044407
51 1.1608'-02 1.0%W401o0 NM 1.00611 0.111457 I.00231l I.uOOqd 1.9446.
3i2 I.ARAIV.02 P.051V4,41 NM 1.00493 0.09614 1.0o0k0 1.001110 U.94tin
is 1.1W-u 1.114,03141 IJm 1.00946 0.4911117 1.0031% 116306s" 0.Y46116
34 I.Asiso'01 P.060.2411 1ip 1000.116 4.99,481 1.130110 160006 U.094644
15 1.41411-02 2."'J'40+041 NM 1.090910 0.90611 A.00I140 1.00$69 U.13.93
36 1.66805"02 2.061!01*01 NIM 1.00436 U.90967 1.01631 1.00401R 0.9412.6

D 317 1.911200-02 2.flonu1+01 NM t.900009 1.010003 I.Q043A 1.000043 I.YfluflO

114PUT V'A'9ZA1~1. YfUdiIlf41,,MD#NUO AGSUME poprI
AT I1uI3111 vATA wLEL AVLRAGLO
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70060401 HAS tI IuG NPROILE TABULATInN 1t0 POINT!, UFLTA AT Pul',t $~1

I vP1?,'P P/PrT 70IOU 14/111) u/UT I/In hpnljnjRiju~ujuf

I 40,Qfl0"ton l .flOv~tn i00 D.qs~Bou uOo 0.000 MOQOu 1.04G10 0.UODO0J
2 1.776A'-04 ?.6ui7'*qu NO O.?4714' 0_4bi UIJ..97q i.911794 ~.IRU7ý
3 4.48WbO-U4 I'Iz~O M 0.94b7f) U.J'I.)O 0.5milli e.610i1q 0.0.0ao
4 d7440"-U41 JIM..D l 0'(.9%Q419 9.Sb.Siu U.03 at.779fos u.91779
5 J 4.07flY-liu rIM 0.94241a U.57040 U.621?7 d.72444 C,..2b~a
0 4.5100O"ul 1.14,164"00 1M U.1454%*9 0.3f1676 U.6.1418 !.b77Ak u..3bqu
7 Q.1100"O-Uq 1.67PI1,tla NM 9.954'b 9..9b40 U .64049 2.64I7 U 0.JJ114
* 'j.,oA80"*L4 S.431000Q NM 0.9%073 0.411J5 U.66540 d.564f-a o4la59M5
9 0.5iGC".0i G.P02"lloo NO' 0.9'1010 0 .0966 0.611041 Id .b4l1q 1 o*d7115

40d0f~O .o.ll7,oll NO ' U. "!94 0.'44130. 0 .64121d d ~. 46 10 0.009~
II 9.3400~.04 4.6175, #0 Nu' 41.96061 0.454424 0 . IM14! dt.41 141% .

la L.06604-03 d.791,3"tou flyP 0 .94805 11.4611q 0.iI.I"A e. 1919 0.94914
13 I.I9ja".03 4.976L'tOu NV' 0.964ds0 U.47169 U.12413 d!.i6S7v U.oailh
14 1.4l4760-05 4.1~11o lJ0 lip 0,96"6~ 0.094!~ U.73414 4j.97W1 l*74 u ip~e
15 1.9!1511*03 4.4197.04,00 NP' .966,19 Q.1J?hAd 41.14717 .l4.1 of u .411611
16 1.46140-01 0~1.0136 NP' OVY100 Q.ý%125 9.74021 d.0'k%7u U.1114,14
11 9.YyiAi-O1 7.uli NP' 0.9741t, 0.57179 0.01039 1.917po0 .41.4494
la 1,l4796".03 7.!h.Tu*ou 10, 41.97613 41,.04109 0.0870 1.4014b U.#44041%
19 J.41876".03 A.I471-+u 14V 1).977%u~ Q.P49.~l v.u4471 1.601%Jj 9.464116
10l 4.04111".0 4.2044"460 NP' 0.994191 0.o'.bY Q.j~ 1,7q8as 0.'jjoal
L11 b5,0W.03 IlonowiJtlI NP' 11.91ofba v.0919 40.45A49 1.61117 U41*%!97%
?a* t.8'3JA0-gol1l.04A310t9 top u.901.0 1a0 0.72,14 . . 0*47%4 M.0124 v.,if%106
is 6.¶h176.01 1.1all~fol NY' 0.4046410 .1./!IJ! 4.114&5. 1.4474411 1.U1611!)
24 1.70760-01 1.102h6*01 NP' 9.94111 0.01430 0.9119111 1.110441 u.11154%
is 9.138760-4.0 l.11741iI 1 tow 04943018 0.01,1?1 1l.94,IflII A.P~l 44 1 .74170

46 u11111-02 l14705444,1 NP' 0.94702 0.9?qti U.979419 I.I1d?4 0.4111414
a? 80~.J 1.4 S1.0+0 NP' 0.94469 Q.97*d 4.9994U 1.04171 0.01196.

28 I.4,'?A.00?o P.11311'3*0 Np' 1.01104119 09119111 0.9900 1.09illl U.41AG64
29 1.411,14".02 ;.0511s1"41 NM 1.00025 U40. 5 Q.q9494 L.001dY 41.94A104

t 11 1.061111".02 io.1,flll'tol NM 9.411141041 .l10oun 1.040611 1.04110 11 .090tfo
39 1.9*41AW3.7 0.0 59sfll9 NP' 0.94995 4.9997V V.969410 1.04040 O.'Y4qku
53 1.9l4911"41l ?.0904,41, NM 4.900419 0.9996Q k.04900 1.900111410 u.'9

6
llo

34 9.04'94~01"9 l.IIWO#~01 lot 1.00029 0.40440 1.011011 100.00024 0,94d64

1% 4.I110101 I.OS575ts1 fly 0.99949 0.490920 0.*49ho 1 .4001 P;)u .94101)
36 41.318".92 2.115i91s"l to ip 1.0004S7 0.904664 41.94944 .11) *6 011V O.Y410V
5d *.'?1.i ? 2,fhl56tol NM 1.000nfl 0.9

4
94'l 4.949441 idJ

11
IA( 11.*q6upj

IINPUT VAIIIABLLS yII/tlo,~gdl0 RH M 41 hsum1 PuI*!
AT 2.*4l DATA WENE WAVPuA0~

1008o0i0I MAIII1NG PHIOr?Lf TABULATION 3.! IOINTIle IFLVA AT PONpT S1

I of P77/" PIsPP TatIou 1V10~4 UoUT) 7/I IIT liHfll/Whov'uOu

1 4140 uolfloo I : ft111uj100 NP'A 0,611337 0601114000 4.14060401 3.0"a11 U.1040000
1:7 .146A.)'a P ljt6"11vto Ill 0.91.11? 0.4214flU V.%47114 .d 6496 0.1.911'.
2 .jlb.0"-Q POISAVI',ll lim 0.923409 0.43443~ 0.1j'9944 d.0133b 0.1,4111'a

44 9.7944".04 2.41l16'.11 NP' 069P677 0.541941 Q.1M y41 0 *a161 41.0I4e
5 I.SOW10.4 1.10,14"o@0 NP' 0.92410 0.34641 Q.144010 41.643'il 0.*1*11
6 3.61011'"06 3.14419'#10 lim 1,1.9olvas 007119 0.014i:* e.64%74 410.93IM
? il.31601-04d 341)415W.111 NM 06911414 U0*5770 0.0,0

7
4 4.611011 0.d41I049

0 %3511111""-ul 14410"0'1t10 Nim 0.93586 0.401404 41.146??7 *j76 4N?41 .44~9
9 .!11-' 4*1156,*"04 liP' 0.43b18 041.'I% 0.4.6'14) *.Mjao 41.0681

IT 8.1816'0060 406113,0#0 N4 0,.93997 0.4147.1 u4.0014i 9.0P714 01.979416
11 9.34011*-04 4,9513*90u NO1 04961193 4.44479 907647. d.344171 Ql.*47b*
la 1.0606-0.1 4.6143-,110 NO' '5.9144*7 0.'41143 0471,J47 41. Oi Is0 oaqoI.41
is 1.19380-1.1 .l~O NP' 9.96443 9 4.641I0A 4.1041914 s!. $0 1 o).10411
III I.11474'.11 '.06401"tool NP'4 0.994664 V1447M1 U.M?90, d!. ifso 11 65v918
IS 1.91%60-01 9.91,65410# 14M g.991116 0.51196 0.4.6879 d.9ololg'j U,3O410
16 0.483A1.o1u 6.I396~.oou Jim 9.9,1411 0.531418. 4*.1881% df0441?Q 41.1691
17 4.91809l-43 4.6610+49 lip 41.948166 0.5591, 41.14744 89.410hl .0.3931
IS 1.4161-014 .1.710+00 NP' 0.96016 o.74 .bnflJ1 1.9410) u.414901
19 3.114164-93 7.11610+09 hip' 41.96143 U.s41.9* 0.1.8703 1.117104a 411sw39!
20 4.,do1s" 03 A1160,109 NOP' 0. 4#09 0.P014 1. 44.349 1 .4016%N 0.46044
at U..11171-03 11.76104,'00 "M 94990660 905o041 U.016917 147,140119 0.469as
Ua S.00116-03 9,61teillooo Nl~ 0.97165 0,00914 04,64844 1.884488 U.1.936

1:w57643 90040"M Nip' 0.91414 Q 0.o4 160 .07141 4.
0
coll 4.0.60844

R44 1,11478" .03 ,t4460+1a' lip' 0.9741111 Oo.744A6 0.901440 1.4114104 0.609644
1$, 9.06141-03 1.?814.o01 NP' 0.90399l 0.1496A 41.93719 1X3460 0.87345

lb .0114".02 1.0441067*1 jdP 0.96116 00.13539 0.96446 1.418141V .7354a
17 1.16060-0l 1.4995"fa1 NP' 014,9799 .411 0. U6 .96084 1.14141a U.401704

46 1.071111-02O 1.7I0yotol iP' 01.99448 00215121 0.977147 1.11611 01.0%60
J9 1.411160-01 lopilI10401 NO 0.991111 .90.441 0.9A0,16 1.0905a4 9*491ill
10 1.541111"ogil l.9724",to NIA 0.49091 0094618 V.941519 1.4739 U41.9181
11 1.86646-411 P.01167*941 tIM 0,9409116 .99474 0.9"480 1.041719 0494117

0 3 1140-l ?034~41 NM 1.0oUau 1.040ho4 11.09100 14110006 11.40000o

INPUT VAPIIAOLLI YoldlJUiN#1HOPM0 AM6IJP' PvPb
At Isa1o,,9 DATA WARL AVLPACC1O
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SECTION D: ADDITIONAL DATA

NB. FACSIMILE FROH SOURCE PAPER. AUTHORS SYMBOLS AND UNITS

Local Skin-Frkition Cuefcients.

x C, C1
in P, Interpolation

from in Hg Floating Surface from Table 3
Le. element pitot R62  Mo

h - 0-0223

54,75 200 0.00100
48,75
44'75 0-00106 24035 3'934
44-5 0,00103 23820 3-934
38-75
34'75 000106 18695 3'953
34'5 0100108 18590 3'953
28.75 0,00105 16180 3,955
24.75 0-00112 14125 3.958
24.5 0.00115 13945 3,957
18'75
14-75

54,75 200 0-00115
48.75
44.75 0-00116 12455 3,926
44'5 0-00114 12360 3-926
38.75
34,75 0-00120 9480 31942
34'5 0'00124 9420 3,942
28'75 0-00123 8125 3,940
24,73 000139 7035 3,942
24,5 0-00137 6930 3,942
18,75
14,75

54.75 50 0-00123
48,75
44,75 0.00120 6504 3,915
38'75
34-75 0-00124 5065 3932
28'75 0400132 3910 3'933
2475 &>00152 3115 3,943

54,75 25 0-00174
48,75
44,75 0'00145 3455 3-897
38,75

11L
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M : 4 failing to 2.95 7007
R THETA X 10'

3 :35 - 70

TW/TR : 1 ZPG - APG - ZPG
AW

Continuous tunnel. fixed nozzle, W - H w 0,127 m.
PO: 1.5 MN/m2 . TO: 295 K. Air, absolute humidity 2 x 10- 4 . RE/m : 6.5 x 107 at M w 4.

ZWARTS FJ. 1970 The compressible turbuloit boundary layer In B pressure gradient, Phi Thesis McGill
University, Montreal.

And Zwarts FJ., Private coeiniunications,

The test boundary layer was formed on the floor of the 0.127 m square wind tunnel. The test section started

4 about 0,75 m dnwnstream of the nozzle throat so that the starting boundary leyor thickness was about 10 mm,
A contoured splitter plate was designed by the method of charectoristics to give a Mach number distribution

on the tunnel floor such that the initial flow at M m 4 passed through a constant Mach number gradient

falling to M u 3 over a distance of 0.15 m. followed by a second region of constant Mach number flow. The
3 test surface roughness was less than 0.9 um, and it was not actively cooled, No boundary layer trip was

used as it was presumed that the prevailing high Reynolds numher levels would ensure fully turbulent flow
a short distance downstream of the nozzle throat. Surf,,--' flow visulitsation tests showed that there was

& conslderablu flow convergence in the APG region as well as divergence In th6 ZPG regions, This was attributed

to inflow/outflow from the tunnel sidewall driven by the significant pressure differences normal to the

test surface, Pitot traverses and Preston tube measuroments were made at stations 38,1 me to either side of

the centre line, it ttresmwtie intervals of 50.8 mm, CF differed from the centre line value by up to 10 %.

Differences in integral thicknesses were up to 5 1.

6 The test will was provided with 48 static holes of 1.04 mm diameter, "Goose-necked" Pitot tubes could be

7 Inserted into the static holes and were also used as Preston tubes. The Pitot probes were CPP for which

d, was either 0.419 or 0.13 mm. The tubes emerged from the wall normally and then curved over in a series
of approximate circular arcs to finish parallel to the surft.e. The overall upstream extension was 6,35 mm

for the smaller tube and 12.7 me for the larger, The end faces were ground square to the test surface. The
profile traverses were token with the small tube, the larger one being used to supply supplementary Preston

0 tube data, On the centre line the static holes extended at 12.7 me Intervals from the first (X - 0) to
X a 228.6 m. There were then holes at X a 264 and 279.4 me followed by holes at 50,8 mm intervals until

X - 431.8 w, Holes were also drilled on lines 38.1 mm to either side of the centre line at 50.8 mm
intervals from X - 0 to X a 457.2 mm. Pitot traverses were made 'th the small CPP mounted in all these

holes excepting those for X - 457,2 me. Tile profile traverse ws'. ýus in each case at an X value 6.35 isa

upstream of the static hole.

9 The iu.hor has interpolated the static pressure data to the X-stations of the profiles. Static pressure
was assumed constant through the layer, the characteristic solution having shown that the limiting isobars
of the ideal flow approached normally. The total temperature was assumed constant. The boundary layer edge
was specitfied by fitting a power law to th6 outer two thirds of the velocity profile, and the edge stagnation

state set *qual to the reservoir state, The effects of finite static hole size (de) were allowed for by an

adjustmant in the form

AP /Tw a 0.0045 (uT d5/1  ) for ut ds /v < 611

p /Tw 0 2.76 for uT di/ - > 611

The fluid properties were evaluated at an intermediate reference temperature (T*) and Sutherland's
viscosity law was used. The correction varied from 1 11 to 1.5 11, A Pitot tube displacement and shear

correction was applied in the foam of an effective centre-position displacement 4y given In term of the
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tube diameter dp by

A y/d . 0.15 - 0.04 .0.5) for < y 2d; Ay/dp 0.15 for y 2 d
p pP,

12 The editors have replaced the author's assumption of isoenergetic flow by the assumption of an adiabatic

wall and the Crocco/Van Driest temperiture relation. The boundary layer edge and edge staqnation state

13 have been retained at the authors' values. The profiles presented are those for the centre line in the

region covered hy the designed pressure distribution. In this region variation of Mach number across the

tunnel is small, The author givds further data downstream, where the pressure gradient is rather irregular,

14 and, although symetrical, the flow displays threedimensional variations. The author presents CF values

reduced from the Preston tube measurements with the calibration functions of Siqella (1966), Hopkins and
Keener (1966 - Reference Temperature) and Fenter and Stalmach (1957), The Hopkins arid Keener value ha,

been selected for the profile tabulation of section P. The other values are giveni in Section 0.

§ DATA 70070101 - 0120, PT2 profiles. NX - 20. CF from Preston tubes.

15 Editors' comments

The test layer Is described at close intervals as It passes from a constant pressure region into an adverse

pressure gradient followed by a region of constant pressure. An inspection of our transformed log-law plots

suggestithat the outer region has not reached equilibrium at the last station presented here. We have not

presented further profiles downstream am the pressure history after profile 20 is rather random. The

pressure gradient is imposed as a reflected wave, so that normal pressure gradients should be negligible

except at the start and end of the APG (profiles 03, 15, 16).

The wall temperature was not measured, but "should be between room temperature (some as total temperature)

and the adiabatic wall temperature". We have arbitrarily chosen the latter, but variation in this range

should have little effect on the numerical results. The profiles extend in as far as the momentum deficit

peak. The powor-law velocity profile determination of the boundary layer edge results In a 0-state at which

there is still a marked total pressure deficit. Three-dimensional effects (see § 5 above) are to be
expectad as the length to width ratio of the tunnel floor it about 8.

Comparable planar investigations are those of Waltrup I Schatz - CAT 7104 and Themes - CAT 7401. The
closest comparison is with Lewis at al. - CAT 7201 - who, however, used in axisymmetric test arrangement.

7007 ZWARTS. SECTION D. ADDITIONAL DATA.

SKIN FRICTION COEFFICIENT USING DIFFERENT CALIBRATIONS.

A - SIGALLA, B - HOPKINS A KEENER, C - STALMACH, VALUES OF CF X 1I4

PROFILE CAL IBRATION PROFILE CALIBRATION

7007 A S C 7007 A b C

0101 8.92 8.22 8.36 0111 8.44 7.57 7.98

0102 9.11 8.46 8.64 0112 8,52 7.68 8.10

0103 9.32 8.72 8.77 0113 8,23 7.36 7,83

0104 8.73 7.96 8.16 0114 7.95 7,04 7,55

0106 8.09 7.20 7.52 0115 8.16 7.27 7.79

0106 8,16 7.26 7.59 0114 8,80 7,98 8.47

0107 8,15 7.24 7.61 0117 9.30 8,57 9.01

0108 8.52 7,66 8.01 0118 9.80 9.16 9.56

OlOg ,25 7.36 7.76 0119 10.17 9.62 9.96

0110 8,23 7.34 7.76 0120 11.52 11.38 11.46



7007-0-1

CAT 7007 ZAARTS BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUIJ CF * T4/TR* REn2w CF * MI? 112K P1 PD
x * P00* PilPD* RE02D Cu 432 14ý $2K PT wD
RZ 100* 311 * 02 P12 H'J2 DPK UD TR

70070101 4.003 1.0000 1.035"04 8a.2?o0n-o0 7.8019 1.3617 9.4452"+03 9.4452'03
"16.35v0"-03 1.4734't06 1.0000 3.5786"+04 Nm 1.828q 1.8017 2.710b6"02 6.9566"+01

INFINITE 2.9• •i"102 0.0000 5.6166"-04 NC 0.153 1.C05251-03 6.7231*+02 !.1106"+o2

7007010? 410,006 1.0000 1.0634+04 8.4O500'-04 7.8142 1.3492 q.411104"o3 q.4414"+03
6.3500"-03 1.473"$06b 1.0000 3.6473*100 NM 1.8332 1.8077 2.7106"+02 6.955'.+0t
ZNFINITE 2.9444*402 0.0000 5.72•3'-04 NC 0.I'56 1.06251-03 6.72320+o0 2.7106w0+0

70070103 4.0156 1.0000 1.0773P+04 8.72004-UO 7.8685 1.3626 9.50144"03 q.5444"+03
1.90s0'-02 1.47340+06 1.0000 3.68601+410 NM 1.8240 1.7965 P.7107"0o2 6.9691"+01
INFINITE 2.t4I0".02 0.0000 5.77?4%-04 NC 0.1449 1.091S"'03 6.72120+02 2.71070+02

S70070104 3.9342 1.0000 1.1807'0+0 7.1b00*-04 7.5834 1.3s17 1.059m8*+0 I.Osq9*,04
* 3.17500-02 1.47340#06 1.0000 3.9210*+04 NM 1.8221 1.7954 2.1130"*0? 7.IA430+01

INFINITE 2.9444"+t2 0.0000 S.8978"-04 NC 0.t032 1.0990q-03 b.b66*240? ?.7I30"402

70030105 3.82s0 1.0000 1.29AI"*04 7.2001'-04 7.3351 1.3868 1.2287*.04 1.2?67*400
..44SOP-Oi 1.4734'006 1.0000 4.13?7'+04 NM 1.8094 1.7798 2.7162•103 7.49960+01
INFINITE 2.9444"+02 0.0060 5.8712"-04 NC 0.1402 1.097|*-03 6.6410"*0i 2.71620202

70070106 3.7270 1.0000 1.41•090#0 7.2b00'-00 7.0154 1.3841 1.4036"'#Q 1.4036"0+01
5.71500-02 1.07l3".06 1.0000 4.387a"+04 NM 1.0132 1.7831 2.7T60"402 7.8669"+0t
INFINITE 2.9733"102 0.0000 S.956.-04 1C 0.1367 1.075W-03 6.6b210402 2.7160*40+

700701•7 3.60, 9 1.0000 1.5731"1,04 7.2400"-04 6.757 1.1s15q 1.6520"÷00 1.6520"*04
6.9650'-0? 1.4713"#06 1.0000 4.60930+04 NM 1.7992 1.7664 2.7529"+02 8.2541"+01
INFINITE 2.97bT"+02 0.11000 5.945l"-0 4  NC 0.1352 1.0733"-03 .51T75702 20.7SPON102

7007010A 3.5375 1.0000 t.63040 +04 7.6600"-04 6.6259 1.0300 1.8292:+00 l04 102'÷0U
5.25W0-02 1.47130+06 1.0000 0.64b0"÷04 :j 1.1821 1.7`557 2 .19 3 9 #O2  8.49330+01
INFINITE 2.97504+02 0.0000 S.7bl6-.4l NC 0.13?4 1.05901-03 6.5365=÷02 2.7%394"02

7007010" 3.4640 1.0000 t.7939'+04 7.3500"-04 6.4277 1.0379 2.0305$004 2.0305*011
9.52500-02 1.t711t"0o 1.0000 .9(o7b6+04 NM 1.780:1 IO75s 2.75871+uo 8.7569"+0l
INFINTE 2.91772*402 0.0000 5.9300"-04 NC 0.1307 1.9720"-03 6.4992"+o2 2.7567T4÷2

7007011o 3.3456 1.0000 I.9200"tOO 7.3400'-04 6.2665 1.0526 2.2394"+04 a.939S+04
I.0795.0-1 1.47113"0e 1.0000 5.18

7
71t04• 4 M 1.7699 1.7437 2.7008"+02 q.0!0osm01

ZNFINIrM 2.9709"*02 0.0000 5.4/7045"0 N4C 0.1260 1.0013*-03 6.442"4-02 2.762A"e02

70070111 3.31. 1.60110 2.0116"#04 7.S700"-.0 6.107 1.0504 2.4223"040 2.4221"÷04
1.2065*'-01 1.4714#06 1.0000 5.31040".f NM 1.7668 1.7437 2.7639*+02 9.21'0"÷01
INFIIITTE ?.9T78"fn2 0.4000 5.936n,-0Q0 NC 0.1269 1.066h"-03 6.4290"#0? 2.7639"400

7007011? 3.R661 1.0000 2.21111"t0 7.6800'-04 S.9539 1.0510 2.702" 40+0 2.1026N*00
1.3335"-01 1.47200+06 1.0000 5.6771"#04 NM l.7025 1.7396 2.7350'.ol q.3qo7"+01
INFl1.!TF 2.Q004*,l2 0.000o 5.4909'-04 NC 0.1208 1.06W"-03 b.3?q*÷0O2 2.7159'+U?

70070113 3.17ed 1.4600 2.4455"+04 7.3h0Q"-04 5.7799 1.4827 1.0978"÷+0 36097AN404

1.60%4)-31 1.4713*÷b l|.odUO0 6.0'55t"÷0 1 NM 1.7071 1.720 20.7310"s02 9.7714"001
INFINITE 2.9'J444 02 (1.0000 6.O0 4-O NC 0.121q 1.0711"-03 b.P683"e'2 2.7396"+o2

*7007411141 3.0722 1.0000O 2.7475"+04 1.)400*-ýg 5.%419 L.,4977 s.%Qb8"+oq 3,s9sAN.0U
1.5675'-01 1~T3" • .110-)o 6.9,0?1+04 N.• t.f4F, S.7i0s 2.7Qt9"÷U2 1.0374"+U2

INFTNITý 2.995o"+112 0.01000 6.3Soz".04 'IC 0.1185 1,LO&.'Au
5  

6.2737T+U2 2.79194+0A

7007011s 2.9867 1.0000 3.065"+q04 7.Vo00"-0 5.3258 1.995 4.0163,00 4 0.0963"+lu
1.7105"-0I 1.0?13"+0o 1.0000 7.03254+04 NM 1.7410 1.7189 2.794q"÷O0 1.0754"+0Z
INFINITE p.q939÷+02 0.0000 b.136q**-0 NC 0.11610 1.10050"-3 6.2098"0o? 2.7Q0al,0

70070116 2.96b0 1.0UvO 3.114,!S"0n 7.oq00"-oQ S.1135 1.1646 41.?282'400 4.288•4O4

1.8415"-01 1.0
7
l1$*0' 1.0000 7.iqS55 ÷64 NI 1.75S3 1.7349 2.?qbi*÷O 1.og6 $p' 0o

Z'0FNITNF i.9940*+QJ 0.0000 6.So3W'-04 NC 0.1103 1.0R55,-03 b.19jq'402 2.7965"+02

70070117 2.963!,, 1.40000 3.p09
9
qi+ll s.5700-0Q S.08911 1.4271 4.2313"404 4.2313"1,04

1.9665".01 1.071.".0* 1.11000 7.29751+04 '101 1.?770 1.7536 a.7960"+02 1.0061"+02
INFiNitE ?.99114"+na 00000 6,699%0-04 NC 0.1l1% 1,0786"-03 6.1920'40? .7960'0u2

70070111 2,4576 1,u00O 3.l'392',00 9,1611""04 5.0151, 1.41u1 4,17,141+04 4,11,80+40
2.095,50-0| l.4?27+no7 1.0000 7.t50404 O lJM 1.7760 1.7T55 2.7416"40? 1.0?72"*02
INFINITE 2.4804"#02 11.0000 6.5,5'4".04 W' 0.111l 1.0478"-(13 6.IH4d"JC? ?.7916*+0?

7007011 2.9725 1,0040 3.2157,04 9.6200*-04 5.01S6 1.30, % 4.1783"+04 4.1763"+U4
Ms22"-0I 1 .727"+06 1.0000 7.31|16"to NH 1.7920 1.7751 a.7?A2"+0o 1.07770+02

INFINIT 2.9U221 +02 0.0000 6.72674-114 1.c 0.119 0  10B' .14"0?2.760?'0#0
70070120 2.9704 1.0000 $.1i50',"0l 1.1380o-03 0.1061 1.3403 4.1bT7**04 4.16711+04
2.q070|5*- I.4727"0+0 1.0000 7.16bPI03# NM 1.809 1.6024 2.77310O42 1.0723"+02
INFINItPF 2.96W4+0f2 0.00UO0 6.43W1-04 NC 0.1208 9.8674'11-0 6.1751I*402 2.7721041,2
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70070103 ZaiAlT3 P140FILE TAIIULATIOC'l 22 POW~3, DELTA Al PCO3NT IQ

T y PT2/P ' Ij 1,' T0 To~ OD I'H1D U / U n /10 9 H / FOrW1: U/U D

I 0.00-)D"+oo 1.000u"400h t1u 0.902062 0.00000 0.onooo 3.8Aqf5 0.00000
2 2.(:04A"-0.4 ?.071q*+Oo ijm 0.1'JORI9 0.33'S90 0.bl7b27 2.93528 0.19612
3 5.84J21)1-04 3.4103'".U Jim 0.95131 0.37315 c.u?163 2.77080 0.2p421
'4 9.0618"-04 4s*?'7q-+Ou 1'? 0,7570i4 0.!J?u62 0.011l3 2.5"J02 0.26721p'5 1 .22 Q11"--03 1 J.1)311121+0 0 tjm 0 O. 9b 112 0 . ' ?3 8 0 .7 1 ,9u, 2.oO041 0 .2082d0
.'b 1.3415"~-03 `i.'j8'hq"+O0 tit, 0.964,43 0.q9043 0 .Pie. 92 2 .2 u7 0.32375
7 2.1768*-01 6.446'3"sO0 111, 0.9692'3 0.55761 0.78266 2.119417 0.36q28
6 2.81161-01 .1b356"0Oo ;IM 0.772016 0 .575 40 0.01 12f) l. 9F17 A 0.40812
9 3.0dI010-ol 8.11337"fo0 14ki 0.97591 O.QMSt 0.0345u. 1.87702 0.44462

10 4.0815".03 9.01t)'1"+00 Njm 0.97872 0 .641M 0 . 5555 1 .T779 1 0.49223
11 L 'I.7168e-03 0011lo4100 rim 0.98128 0.67420 0.874a0 1 . 6A128 0.51996
12 5.35W-"03 1.08W+0"t 114 0.983hlP 0.70602 0.89130 1.5q386 0.139923
13 5.9865"-03 31.831"401 Nim 0.96607 0.73961 0.90601 1.50119 0.602115
20 6.621Aý*-0S ).3230"081 fi11 0.98899 0.75410 0.9?805 1.40087 0.66248
IS i.2568.-oý l.u5~73~.41 "IM 0.99201 0.80246 0.94432 1.311?85 0.?19?9
26 7.8918'-01 1.17321"+01 NM 0.9q327 0.85737 0.95664 1.eM512 0.76839
17 9.1610"-03 I.7062"+o1 NM 0.99b36 0.92793 0.97682 1.131442 0.86259
18 1.043?*-02 1.9869"sOI INh O.Mq59 0.961J67 0.99110 I.05119 0.942814

0 19 1.1420"-0? 2.12P90+01 f2I 1.01000 1.00000 2.00000 1.00060 1.00000
20 l.17O,'*-O? 2. t51523*+01 1414 1.0028 1 . 068I1 1.0(1114 0.98445 1.0 119 1
21 1 . 21119-02 2. 1693"+0 1 Ny 2.0001A5 1.01113 1.00263 0.9836S 1.01949
22 1.10560-02 P.1785"+nl NM 1.00054 1.01330 1.003S7 0.9a050 1.02.I22

INPUT VAQIAULLS YOU/UL) (ISOENERGETC) A33UPME FOODl AID VAN DRTLST

7D07010S IWARTS1 P~nF~LF TA'3ULAt?'nt P3 POItJT3g DELTA AT 1008N0 20

1 Y PT?/P P/r'n, YO/TOr' 1`1"11 U/UD 7/TI ROH/fll1000II1/UD

1 0.00o00+00 11.)0010+00 tl'M 0.722119 0.000n0 0.012000 3.62181 0.00000
4 2.0638*-00 2.3s70'+00 Njm 0.9143444 0.3095 0.5?620 e.54613 0.181bb
3 S.Sb6g'-01 2.(3993*too tj" 0.014725 0.33A71 0.56518 e.,78034 0.20298
0 ?.137'al-00 1I.S13,2,00 JIM 0.05402 0.39900 0J.03751 .?.5552S 0.211961
5 1.0331"-03 11.14W+"0t1 110 0.75075 0.0'12?0 0.6814?5 R.39030 41.21576
b IAS3V-33- 0.b8I0GO4(0 INm O.76189 0.,171;.9 0.71301 2.28641 0.31191
7 1.4666".-03 5.0966',1)0 1,11 0.06430 0.494?9 0.7s443 2.2076S 0.3321,1
a 1.9ab3o-v3 S.51fl"013 NM 11.166"13 0.Stj?o 0.7r,3%u 2.1322;! 0.3%$251
9 262-3 6.35400"+00 14M 0097063 0.5561S 0.)AA06 I .993sil 0.3q531

10 3.25631-03 7.ol??0~i00 N14 0.97371 0.59101 0.812.90 2.88932 0.43026
11 I.89211"lol R.fl'1'5"to0 NO D.17730 0.63242 0.8u081 1.767C)4 0.47563
12 4.52b3*-03 q.?3b3,+00 NM 0.9A131 0.68189 0.87114 1.6)3214 0.53370
13 5.1611"-0.1 11.11205"401 tit 0.781a08 0.71006 0.89142 1.5V1fiti Q.5701i3
10 5.741030-01 t.I1105s"01 Iim 0.986143 0.752h3 0.90659 1.115739 0...23400
is b.o31ollo tpll2079f0l Nm 0.9AS62 0.74494 0.9?370 2.3F082 0.60,02
114 .. 3~) 1.3155"M0 N!" 0.99060 0.820,55 0.911847 1.3047b 0.71698
17 7.10130-03 li.'21`9~4+1 141 0.99290 0.65545 0.9%310 1.01 .76852
to el.4713"-03 1.74PVC.1)1 rim 0.79?l(3 0.93749 MINIM5 1.09610i O.895,15
19 1.02'41"-02 1.A885"+O1 fNu 0.79711 0.9851U 0.90,a86 2.021h5 (1.9A07Z

D 20 1.1ol.7*-jt 1.93n#3*'0l NM 1.00000 1.00000 1.00O0 100lo 1.00080 20'00
a2l.11-~ ?.96qS*402 NO 1.00034 1.007q2 1.00)217 0.048662 1.01171
22 1.2638'-Ok I.45~0 14M 1.000397 1.001M2 1.00219 o.q8b81 1.01579
23 1.75-2 l97/4f1 N 1.oO40%7 1.01113 1.0030'4 0.`11114M 2.02929

114PUT VA4A2XALS Y*U,.'UQ C? 0ENO,6ETtC) ASSUME F'uPD A'lin VAN IOHIEST

1`0070109 ZdARTS PROFILC TAaULA710ON 20 PPINI5, DELTA AT POINT 21

I y PT2i'P P/Pr) TO/TOO WOOC UIUD T/10 RHl/pHI1otU/UO

1 0.0000"400 1.0040+~00 rM 0.92659 0.00000 0.01)000 3.150P.? 0.00000
2 2.l1638*.041 2.2279"204 NM 0.940o9 0.32790 0.521256 2.5154if0 0.20502
3 3.5698"-Q0 2.4550"+00 rim 0.94912 0.35110 0.54004 2.49021 0.22249
4 9.2070"-04 ?.7161"+00 WOA 0.95161 0.3755a 9.54364 2.41711 O.241152
5 6.5094"-04 2.903S"+00 riM 0.95329 0.34019 0.60310 2.3681S 0.25067
6 7.7976*.04 3.0870"+0l0 NM 0.95486 0.4007? 0.62060 Z.32210 0.2612t,
7 1.03360-03 3.3681"ofl NM 0.95M1 0.42916 0.60511 2129;539 0.26603
8 1.3si3".03 3172781+00 rim 0.9598b 5.05636 0.07317 2.175117 0.30938
9 1.668S0-03 4,05490+00 rim 0.Y616at 47b l 0.09600 2.10852 0.330111

10 1.96630-113 0,05;9~.00 NiM 0.16478 0.50601 0.72125 Z.03169 0.35540
tl 2.3036*.03 41.7871"+00 NIA 0.96010 0.52697 0.74010 1.97247 0.37522
1Q k.6213*-D3 5.20l80+00 NM 0.96917 0.55206 0.761SO 1.90320 0.400015
23 3.2563"-03 6.0191*,00 NM 0097351 ,10.005 1.79911 1.77,110 1,011111
20 3.5913*-03 *.7'462*0110 NIA 0.9177S3 0.i.4b&S 0.61296 t.65630 0.50231
is 0.WWo303 7.97.14*400 rim 0078149 0.09637 0.86418 1.S029 0.56075
16 S.1613'-03 4.1534"+00 fNM 0.98542 0.74,131 0.891520 1.02707 0.6?730
17 5.790'~-03 1.0477*401 rim 0.98606 0,79b0s 0.290114 1,33241 0.69000
18 6.4113'-03 1.1027'+01 N4 0.99154 0.60200 0.90059 1.24078 0.78375
19 7.0663"-03 1.262940+0 Nim 0.99019 0,88706 0.94960 1.?? .fle002
10 7.7013'-0S 1.18S1't"2 riM 0.196116 0.93064 0.97632 1401(1644 0.88705
it 6.1343"-03 l.4670'#01 NM 0.94800 0.9%869 0.99631 1.051P45 0.93185
22 &.9711R-93 1.5"08"5t01 PIM 0.v0992 0.98330 Q.9qfI61 ~.0?313 0.111212

0 23 *.0957*-03 1.Wqot,.0 piH 1.00000 1.00040 1.00000 2.V00000 104.,
a4 9.6061*-03 1.45559*1101 rim 0.99945 0.98823 0.996?22 ,1 0.98010

1NPUT VAOIABLES Y#IJ/UD (ISOECNEGETIC) ASSUME PxPO AiNO VftN fOiLs?
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70070119 ZWANTS PROFILE TAGULATIOtl 22 POI'ITO%, DELTA AT PeONT 21

1 y P0Ž/P P /I') TO/ TO, 'A/1f U/I)? T/I Dl RH0/R40D*U/UD

I O.UOO0"+0O l.0000*+00 N'' 0.13202 O.N,0000 0.011'0n i!.bqllb n.0u0000

2 2.4638--Ji l*q737T0Oo rim 0.94996 O.L371a 0.snb59 P.2Z,730 11.2?492
3 S.Bbofl*-09 2.314Vt00 14m 0.95141 0.3s997 0.53,113 2.2flR83 n.1>4182

9 5.20701-04 P.3'413*01 N4M 0.95355 0o.35 W9 0.1,6275 ". 1%57Z u.2t) 15
5 6.5004"-04 ? 7. 8Aa" +00 Nip 0.95,302, 0.30957 0.1,8166, ~.1.I I q3 0.,17,48

6 7. 79 7tl-04 2. 6 013"' +00 Oý.95ut.1 0.41157 0.59521) 2.0929(0 fA.2?i4 4-
7 1.03303'-03 2.7956"+00 N~M 0.9S70L 0.01451? 0.,.iii9 2.047oq 0.30499
8 I.3513"-Os 3.0'407"*00 It'f 0.96323 0.41565 0.1)(3001 I.991p9 0.32285.
9 l.663)1801 3.25II*0Oo N" 0.96183 0.437124 0.6?' .96971 0.33963

10 1 .9843"-Ol 3.49903',0 Jim. 0.96374 0,995Pbu6 0.8333(47 1. .10'??1 0.359Q9

11 e.3038"-01 3.7292"+00 Nk4 0.96549 0.51 4b8 0.70267 I1.0586A 0.3?772

12 2.6213"-O3 9.0IM7.+00 NMl' 0.96799 0.$17eo7 o.7Ž?2M7 1.807ss 0.309qa
13 1.2'i~s"-03 9.6 PI'00 14M 0.97159 0.58395 0,76292 1.70699 0.44(bQl
214 5.3913"-03 5.40,1j"+00 N"m 0.97595 0.bl5fl1 0.8n.stvi 1.59844 C.30290)

11.120Ž~"-03 6.32A7"+00 1I1 0.9K0513 0.095111 0.13,41175 1.11flA39 0.56909
16 S. 1611"-03 7.'I0lu*'40 1141 0.085ri 0.75958s O. wS'5 I l. 37 12 10.64444
17 5.79(.3"03S 11.6bV~tgo l4r 0.9994, 0.8?071 0.9?05'0 1.25796 0.71281
16 6.413"3-03 1.00ps+0l tip C.9037S 0.88u05 0.9%2-11 2.155%11 (1.8?963
19 7.0661*-Ol I1 .i351" +0 1 114 4.90713 0.901634 0.979(31 1 .07n?4 0.91976
20 7.7013*-)l IdŽ2'5"Onl NIA 0 r"9104 0.98129 0 q.99292 .1,0Ž3A 0.96979

0) 21 7 .8 3461"-0 S .65'0 1M 1.3'100)1 1.000110 1.OA0#10 I .06010 3.u0000
22 8.3163"-03 l.l'45.0 1W 0,qqpS 0.19712 0.919893 1.00363 0l.99532

INPQT V0101S~.0 Yttl/I30 (130ttlEROF~t1C) AOSJ!'E :'uP(j Alf) VAN DRILST

70070117 ZAARTS PROFILE TABOL.ATION 24 POINtS DELTA AT POINT 23

I y DT2)/P PtP?) TQ/TO?) f4/!10 U/1.10 7/TO RHO iAH0D*UIUO

1 0.0000"400 1.00001#00 NI' 0.93373 0.00000 0.00000 2,57379 0.00000
a 2.46384-04 2.?2Ps"+0o JiM 0.1354U3 0.38.241 O.S%1492 2.09178 0.26457
3 S.11600-041 2.3i165~,00 NM 0.95b65 0.41284 0.51,81i e.0ŽZ'39 0.28990
9 5.2070j'-04 21.67519"+00 JIM 0.950b1i 0.03110 0.61271 1.911297 0.30899
5 6.502l3"09 2.40115"fil0 NO 0.95971 (4.44851 0.0?710 1.959819 0.3d074
a 7.7973"-014 2.910T50#l0 Nim 0.96078 0.4%5972 0.43809 1.93140 0.33019
7 1.0335"-03 1.14146"$00 Ilm 0.96270 0.46151 0.(16121 3,88573 0.35069
8 1,3513"-03 1.3645*#00 11M 0.96449 0.50178 0.b0427 1.04345 0.36958
9 i.fibild"-03 1.5546"fI0 NM 0.966500 0.519116 0.15971`3 1.330792 0.38609

10 1.9661"-03 1.71IP51+00 1,11 0.96765 0.53802 0.71544 1.76824 0.40960

11 a.3038"-03 4.0130"800 14M 0.96929 0,55,.99 0.73Z49 I.7?990 O.4?355
12 2:6213"-03 '3.2643"#00 tip' 0.97J97 0.57680 0.74968 1.08930 0.49378
13 3.2%u3".03 44.8318"400) JIM 0.474S2 0.61920 0078451 1.b0520 0.48873
19 3.8913"-03 -S.5304-tun 10~ 0.978112 0,66758S 0.82109 ;.5I2?741 0.54327

IS Q.5?b3"-03 6.3116"400 Jim 0.91,2R5 0,70773 0.05571 1.42141 0.60201
30. 5.1613-03 7.?347'+UO r3m o.o86?o 0.77273 0.89031 1.326me 0.60011
17 W.

9
0a"-03 4.2308"400 NiM 0.98997 0.82793 0.9?125 121d812 0.79907

!a b.9313"0OX 9.?014",10O 1JM 0.99317 0.87864 0.947M5 1 62 0.83983
19 7.06631-03 2.fl09s'+61 JIM4 0.99W7 0.9?231 0.16755 2.10099 ((.879119
'10 7.7011*-03 1.0731't01 lip. 0.99746 0.9520., 0.98065 1.06(431 0.92017
21 8.3301*-03 1.11112"+01 JIM 0.99839 0.')h949' 0.98781 1.03a'i Cl.9%151
a2 8.9713'-03 2.2252)"+01 lip 0.99876 0.97629 0.9905a 0.02950 0.96220

0 23 9 .0272"-03 1.1781*401 JIM 1.00000 1.00000 1.0000) 1.00000 1.00000
24 9.6003".0s 1.12631,+01 r3M 0.99870 0.974182 0.99080 1.02883 0.96303

INPUT VARIA11LES YrU/UO (!SOENEI3OETIC) ASSUME PaP?) AND VPN DRIEST

100701p23 ZIARlTS P(4orILE TAHULATIOnt 26 POINTS, OLLTA AT POINT 24

1 y PT)?/P P/Pt) TQ/TOOD M/MD U/UD T/310' 39H(/RHCrDAU/UD

I 0.OTOO'+Q0 1.0040",00 14M 0.93356 0.0(1000 0.00000 2,5518 0.00000
72 2.463d"-04 2.8331"+00 (3m 0,95983 0.49990 0.6281141 1.45826 0.32114

3 3,oil.08'-04 3.P7Il"+A0 NM 0.963565 0.9q151 0.67201 1.316911 0.35950
4 5.2070*-04 1.4017*+110 NP 0.46506 0.50680 .6,68803 1.532114 0.37581
s 6.5029'0a 4.60900*00 JIM 0,96639g 0.52143 0.700m83 1,0065i 0.31479a

6 7.7978"-OU 3.7301"+00 NIA 0.96709 0.53171 0.71041 1.74bl36 0.39796
7 1.0338*-03 3.9963"+00 JIM 0.96871 0.55036 0.72735 1.76657 0,91699
a 1.3513'-03 4.1875*400 (434 0.970Ž9 0.S5875 0.743510 1.708qn 0,43505
9 1.6658"-01 44017"+00 111A 0.97169 0,585Ž9 0.757-59 1.61549 0,41213

10 1,98bs"-/5 33.62?a"+04J N,11 0.97307 0.60177 0.771P0 1.61339 0,964569

1 1 2.3038"-03 9.8470't00 N4M 0.41992 0,6380 0.789Ž7 1.63036b 0,98708
12 2.6213"-03 5.0871"+00 NM 00#71581 0.03503 0.74798 1.57705 0.5n568
13 3.2SW3-03 wi.62%8"400 N'i 0.97072 0.67149 0.876p.4 t1,50761 0.54688
19 3.8913"-03 6.1a99'400 tim 0,98196 0.70104 0.84912 1.139276 0.54874
15 4.52W3-011 6.85&9'*00 Nm 0.9`14116 0.74766 0.87532 1.37066 0.63562
26 5.16131-)3 T.6 000+00O N~M 0.98795 0.7905a 0.90091 1.29059 0.64376
3; 5.79W3-03 8.4066"+00 NqM 0.99040 0,83919 0.921193 1.24447 0,752'54
18 6.4113"-03 q.17941+00 N4M 0.99292 0,87408 0.90113 1.10168 0.80837
19 1.06W-'03 9.89110"tOO NM 0.99503 0.90'053 0.96190 t1,1849 0,86001
20 ?.7013"-03 1.05161*01 NIM 0.99072 0.93899 0.97500 1.07682 0.90922
21 0.3W*303 t.0vqjN+0I 14M 0.99769 0.95640 0,98296 2.0%5`11 0,9311s
22 8.9?13"*0s 1.1107"fo1 Nim 0.99822 0,96623 0.9Afss2 1.092134 0.99635
23 9.6063'-03 t.i2o5s"0I N4M 0.99806 0,97066 0.9016343 1.03676 0.95110

3) 2`1 1.0I80"-0l 1.11863"*01 NM 1.00000 1,001,00 1.00000 1.00000 2.00000
25 10'102 1.11950#,01 N~M 0.99906 0.118204 0.49299 l,0?232 0.97126
96 1.00161-02 1.l85b',01q Jim 0.941999 0.90972 0.99909 2.00039A 0.99955s

INPUT VAPIABLES V#U/UD (ISOENERGCTIC) ASSUME PUP?) AND? VAN URIC31T
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M : 3.5 foiling to Z.8 7101
R THETA X 10. 3 : 18- 42

TW/TR : 1.0 ZPG - APG

AW

Continuous tind tunnel with asymmetric flexible nozzle. W - H a 0.15 m.
0.26 < PO < 0.40 '4/m2 . TO ; 307 K. Air: Dewpoint 4 245 K. 14 < RE/m X 10-6 < 30.

STUREK W.B. and DANBERG J.E., J071. Supersonic turbulent boundary-layer in an adverse pressure gradient.

Data tabgulation. Dept. Hoch, A Aerosp. Engrg. Univ. Delaware. Tech. Rap. No. 141.
And Danberg J.E.. Sturek W.B. Private commjnications, Sturak 1973.
Also Extansive bibliography referring to sa*- experiment listed under Sturek or Stuý-ek I Danberg 1970-74,

The tests took place on a ramp forming a continuation of the flat test wall opposite the flexible plate
noAtle. The test section extended 559 me downstream frf.m the nozzle exit plane (X * 0). The curved ramp
started with a faired step (A Y - 0.264 mm) at X a 306 mm .4tth a maximum height and surface Inclination
of 35.6 me and 14.660, The coordinates are given in table 1. The test zone includes a ZPG region before
the ramp (from X a 0 to X m 0.279 n) followed by a simple wave isentropic compression. The test surface
was allowed an hour to settle to a bulk equilibrium temperature. Thus only small local heat transfer is
likely, as a consequence of the variation of recovery temperature. The surface was *polished to a mirror

2 finish" and the mean dimensions were held to 0.0254 mm. The Mach number in the ZPG region was constant
3 within limits of t 0.01, A schlileron photographic study indicated that natural transition occured In the

nozzle region. the transition zone extending from X •-0.6 to X - -0.35 m. The test boundary layer was
4 formed in the favourable pressure gradient of the nozzle (throat at X 1 - 1.25 m). The temperature of the
5 metal teast wall was constant within about t I K. Oil flow visualisation did not show appreciable divergence

of the streamlines near the centrelina, but streamlines near the side walls diverged considerably, Wall
pressure measurements on lines normal to the centre line at the last three stations on the ramp showed

that the lateral pressure gradient was very small compared to the streae*ise pressure gradient. The
values are presented graphically In figure 8 of Sturek 1 Oanberg 1972a,

6 Will static pressure was measured by six static holes of 1.02 mm diameter on the centre line at the
measuring stations on the ramp and the test wall. Eight additional measurements were made upstream on the
test wall, and, with 11 holes of 0.64 wq diameter on lines normal to the flow at the last three Measuring
stations. The holes were drilled normal to the local surface. For the test described, the wall temperature
was monitored at one station (X a 50.8 mm) In the ZPG region. The wall shear stress was determined using

a Pri-ston tube of 3.18 m diameter.

7 The total temperature probe used was a wedge recovery probe formed by placing an iron consmantan thermo-

couple Junctitn (diameter 0,127 mm) at the centre of the leading edge of an insulated wedge. The probe was

calibrated in the oange 1.5 < H < 3.,6. and for lower Mach numbers the calibration was extrapolated using
the trend of the data of Spangenberg (1956). The Pitot probe was a FPP for which hi - 0.127 (E), h2- 0.076,

bi 1.58 (E) and b2 -1,.V mm. Two static pressure probes were used. One, a CCP for which a 100,
d 1,27, 11 a 12,7, 12 w 19 mm with two holes of 0.34 mm diameter. The other was a flat plate probe
approximately 35 me square. The leading edge was chamfered on the underside (which was curved so as to
fit flush with the model) at 20o and ten 103 mm diameter static holes were drilled at 3 mm intervals
along a line 28.5 me back from the leading edge. At two stations a constant temperature hot-wire probe
(d - 0.0063, 1 - 2.54 me) was used for the measurement of fluctuating quantities.

8 Profiles and Preston readings wore made at the sae nominal X voluis, X n 152.4, 203.2, 254.0, 433.1,

458.8, 484.6, 510.8 and 536.7 m all cn the centre line (Z u 0). The coovdinates and local surface slopes
of the measuring stations are given in table 2. The results are presented for Y values corresponding to

PO measurements.

,2"- ,
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9 The P and TO values in the tables are interpolated from smoothed curves such as those presented In figure 11
of Sturek & Danberg 1972a. The Preston tube readings were reduced using the calibration of Yenta at al.,

10 equation 2b. (1969). No corrections were applled to tho profile data (the authors remark upon a 5 X
11 discrepancy between the TO probe in the free stream and the tunnel reservoir temperature). Sutherland's

viscosity lAw was used.

12 The editors have incorporated the calibrations end interpolations of the authors, The integral data of
section 8 Is presented in two forms, In the main tables the reference flow is a single state flow correspond-
ing to 4 0 state taken at pU (max), which was also set as the 0 state for the profile tables whilst an

auxiliary table gives integral values based on a reference flow which has the tunnel reservoir pressure
and local static pressure.

13 The main portion of the data consists of three sets of eight profiles, each set for a different reservoir
pressure. In each case three ZPG stations were followed by five on the curved ramp. To these are added
two Individual profiles (Sturek, 1973) measured at X - 458.8 m for which the tunnel total temperature was

4 varied so a19ause, in the nozzle region, heat flux from the flow (0401) or to the flow (0501). The Mach
9 number distribution was taken to be the sam as for the profile of the earlier set (0205) with the sam

total pressure. The total temperature was measured using a probe consisting of an Iron-constantan therto-
couple mounted in a truncated cone-cylinder body, The thermocouple consisted of a 0.25 M diameter wire
sheathed In stainlesl steel with magnesium dioxide Insulation. The thermocouple Junction was worked to
a sharp tip with a conical epoxy filling to the diameter of the sheath. The probe tip presented a frontal

9 area to the flow of 0,08 m diamuter. The probe was calibrated in the free stream and the calibration was
assumed to vey through the boundary layer In the same general manner as the probe used earlier,

13 The earlier hot wire data (Sturek & Danberg 1972a) was presented graphically, as sufficient data had not
been obtained to provide more than a qualitative assessment, Further data (Oenberg, PC) is given here for

6 profiles taken at X v 203.2 and 458,8 mm, The general conditiuns correspond to profiles 0202 and 0205.

14 The CF values given with the profiles are those evaluated by the au"hors, The raw Preston tube data Is
given in section 0.

DATAM 7101 0101-0501, Pitot, TO and P profiles obtained separately, NX m 8. F from Preston tubes, Some
supporting hot wme data,

15 EMitor' coments

Stursk and Danberg provide the only fully documented account of a simple wave flow. The experiment is
therefor of the first Importance to any research worker wishing to consider the effects of streamline
curvature. The Mach number Is high enough for the static pressure to vary by 50 % across a boundary layer
for which the ratio 8/RX Is about 0.02, but not so high that the interpretation of static pressure
measurements becomes too contentious. The value of the experiment is further increased by the Inclusion
of will shear stress measurements in association with each profile, end the fluctuation measurements,
however restricted they may be. There Is room for differences of opinion as to the precise calibration of
the sensors, but the qualitative results and the trends established must stand.

The authors present a full analysis of the original data in Sturok 1 Danberg ('1972b). This Is extended by
Sturek (1274) to include a determination, from the mean flow data, of shear stress, mixing length and
eddy viscosity.

There is a marked fall in the general level of CF as the flow passes on to the ramp, followed by a rising
teridsncy. The shear stress itself, however, rises continuously, so that the change in CF is associated

rather with the chang, in the reference dynamic pressure. Both the numerical value of CF and the trend with
X are sensitive to the choice of reference state,'there being differences of up to 15 % between values
calculated using the arbitrary D-state (at pU max) and these Ealculated using the will-state of the
pressure-based reference flow mentioned in 4 12 above.

The two additional profiles, 0401, 0501, of Sturek (1973) are both for near adiabatic flow in the erst
region but correspond to, respectively, heat transfer from and to the flow in the throat! region. The
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author shows a considerable difference between the two on a "Van Driest" plot of (TO-TW) / (TOD-TW) against
U/UD. It should be noted that this choice of axes is very sensitive to TO variations, and the variation noted
is 4 - 8 K, or less than 3 %. We are not completely sure of the extent to which total temperature data near
the wall are interpolations. In Stunk 1973, it is stated that measurements can be made to within 0.25 mm
of the wall. Another description (Danbeig, PC) suggests much larger values, perhaps as much as 5 mm.

The ZPG data from the first three stations can be compared with the results of Mabey et al. - CAT 7402, on
a flat plate, and those of Voisinet I Lot - CAT 7202 on a tunnel wall. Comparisons may also be made with
the other reported simple wave compression tests, Clutter & Kaups - CAT 6401 and Stroud &Miller - CAT 6503
which do not, however, provide so much detail.

FACSIMILES OF TABLES SUPPLIED BY AUTHORS. DIMENSIONS IN INCHES,

TABLE I CW1=CTLI, MODUL COORD•bl1ViS (INCHES)

S Y X Y X y

12.006 .010 1.756 .224 16.661 .873
12.914 .023 16.000 .262 06 19,90.1 .722

13-1'.1.1 .030 16.243 , .IR21941 .7
13.3co .036 16,1488 .3M 19.380 .8214
13,S'14 .049 16074 .X-0 19,619 .877
13.04 .064.0.0,13 .3" 19.958 .932
14,048 .07 3 ................. 07........
14,202 .090 17.414 .455 20,368 1.055
14,137 .106 17.697 .496 20,638 1,124

14,781 .120 17.940 .539 0.0 1.194
18.0•5 .109 0 V........... ....... 08

1G.269 .172 18.420 .627 21.447 1.341

15.513 .17

co arCAT TADL 2
STA x y € 7101
130 16.0ou .262 8.75
117 17.019 1388 8.13 04
111 16.03 .1559 9.s5 05
110 19.021 .747 13.40 06
120 20.024 .969 13.24 07
121 21.016 1.215 l1.6S 08



7101 -H-I

CAT 7101 SIUREK BOUNDARY CONDITIONS AND EVALUAIrD DATA. 3I UNITS.

RUN MD ' TN.TR PED2W CF H12 I1IZK PW* PD*
X * PO P/pO RED2O CO M32 M32K TW* TD*
RZ TOO s31 02 P12* M42 D2K UD TH

71010101 $.5090 1.0213 6.5554"+03 1,0722"-03 b.5853 1.3544 3.3623"+03 3.3626'+03
1.52qo"-0i 2.5977=405 o.qqqq 1.Mb60$0'4 NM 1.0023 1.7716 2.9050•+02 6.8722"+Ot
INrINITF 3.0721"t02 1.OQOU 1.3540--03 0.0000"+OO 0.0666 2.3769"-03 6.6269"+02 2.dL49-+o2

71010100 3.5320 1.0244 6.7225*+03 1.09291-0a 6.7025 1.3310 3.3477"÷03 3.34741+o3
Z.032OO-01 2.6716"#05 1.0001 1.9365",0d NM 1.7986 1.7706 2.9056"*02 5.7601"+01
INFINITE 3.0640"t02 1.0000 1.37713-03 D.0000"+uO 0.0573 2.4621"-03 6.03054+02 2.8365*+u2

71010105 3.48qO 1.0217 7.0625",03 1.064"6-03 6.5966 1.3571 3.38004+03 3.3798"*03
2.5o•0"-O| 2.5379*to 1.0001 1.9961*.0÷ NM 1.7990 1.7713 i.9056"02 8.0369",ul
INFtNITE 3.0702"+02 1.0000 1.4651"-03 0.0000"*0l u.0S17 2.5670"-03 6.61384÷02 2.1038*"02

7101010 3.2'450 1.0143 1.0678"+04 9.3101*-04 1.2486S 1.4812 6.9456"+03 4.6891"+03
4.3307"-0l ?.5519•s05 t.2366 2.7381"+04 li m 1.7360 1.7128 2.90560+02 9.68330+01
INFINITE 3.06980+02 1.0000 1.7313=-03 1.5nbm0*00 0.0755 2.6446"-03 6.4661"+02 2.a533"*02

71010105 3.160• 1.0230 l.1430+04 9.19M3"-048 4.3163 1.47b5 6.61584+03 5.6047"÷U3
.A,7Z'-01 2.6316*05 1.2161 2.8534*904 NM 1.7306 1.7118 2.90560+02 1.0101U"02

INFINITE 3.0518"*02 1.0000 I.6805-03 1.4557"÷00 0.03q7 2.S643"-&3 6.3967"902 2.601"+02

71010106 3.0550 1.0305 t.1874"904 9.365'u-04 4.0863 1.4614 7.639P*#03 6.346iO*u3
4.54034-01 2.316*"05 1.2035 a.,612*904 Nm 1.7412 1.7199 2.905b*042 1.05*SO9U2
INFINITE 3.0803*+02 1.0000 1.6275"-03 1.3630*#00 0.0443 2.4219"-03 6.29140#90 2.605"*02

1 71010107 2.9820 1.0169 1.2814"#04 9.1615"-0' 4.1072 1.4635 6.4486"o03 7.3815".03
5.1079*-01 2.6391*405 1.1717 P.9620"904 NM 1.7365 1.7lb5 2.9056*902 1.1017*902
INFINITE 3.0609"+02 1,0000 1.5809*-03 1.31!6"#00 0.0513 2.37&0o-03 6.27540+02 2.8572"902

71010106 2.9050 1.0175 1.33771904 9.7906"-04 4.1479 1.4673 9,4723"903 8.3006"+03
5.3670"-01 2.6o42o*05 1.141? 3.0022*904 NM 1.7417 1.7226 1.9056"402 1.1367N902
INFINITE 3.0551"*02 1.0000 ,.S3030-03 1.169q"+00 0.0612 2.2869"-03 6.20970902 2.0S56"02

71010201 . 1.5100 1.0163 0.1975*03 1.04829-03 6.6118 1.3598 4.1q29*903 4.1
9
07'9+3 0

1.5o0-.01 31.2436"905 1.0001 2.3290"904 NM 1.1963 1.7868 1.9000*+02 8.87786*01
INFINITE 3.0753mo02 1.0000 1.3560*-03 0.0000"+00 0.0662 2.033W-03 6.63084+02 P.647flm"02

71010202 3.5400 1.0218 4.0409*903 1.05760-03 6.7967 1.3490 4.1490+,03 4.14934+03
2.0320"-01 3,$493"105 1.0000 2.3186*÷04 NM 1.8006 1.7739 9.9000%+02 6.7444*+01
INFINITE 3.06610402 1.0000 1.3226-*03 0.0000+00 0.0354 230210-03 6.63710+02 2.0382*901

71010203 3.5000 1.0185 5.69320+03 1.0367*-03 6.60?2 1.3582 4.2020*903 4.9017"÷03
2.54001-01 1.2047090s 1.0001 2.4608*+04 NM 1.7998 1.7716 d.9000"+02 8.9111*901
INFINITE 3.074-3902 1.0000 1.4417"-03 0.0000"900 0.0bA8 2.5480"=03 6.6248402 2.84730+02

71010204 3.2350 1.0136 t.2715"+04 9.2766"-04 .1b06 1.4575 7.5485*903 6.1211"+03
4.33076-01 2 3.16560+05 1.2313 3.2354+904 NM t.7462 1.7129 2.9000"#02 9.950*"+90
INFINITE 3.077?0*02 1011000 1.6SW-03 1.39270+00 0.0743 2,4931"-03 6.4699"+02 2.5610"902

71010pos 3.1610 1.0139 1.3762"*04 9.0079"-04 4.1957 1.4003 6.,2b5903 7.03331903
4.5672N-01 3.28300905 1.2123 3.4024+904 NM 1.735 1.7126 4.90000490 1.0250"•O*
INFINITE 3.07334+02 1.0000 .6191"-03 1.4103901 1 .0677 2.408"-03 b,4t6S4#Q2 2.8603*#02

71010206 3.0670 1.0134 1.4135'+04 9.6450*904 4.3941 1.4642 9.56471903 8.077209034.8412N=01 3.2796"+0S 1.164 3.3676*#04 NM ,.74s 1.7185 1.90001+02 1,0656"+90
INFINITE 3.0702"+02 1.000a ,52zt7"-03 1.3443m+00 0.0641 ?.3669"-03 6.$476*+02 2,8617"+01

71010207 2,9950 10n106 t.5429*+04 9.1215"-04 4.1367 1.4SI47 1,0609"+04 9.1866"+03
5o1079'-0! 3,34934905 1.1767 3,5640"+0M NM ,.7401 1.1210 a,9000"+u2 1,1001#902
INFINITE 3.07%04#02 t.0000 1.5199*-03 1.2484*f00 0.0629 2.2407'-03 6.2996"402 2.6696"+02

7101205 2.9090 1.0069 ,59080+04 9.7347"-04 .1065 1.4a80 1.1665"+04 1.0015"tU4
5.36700-01 3.33574#05 1.1392 3,S•6"9+04 NM .7524 1.7360 a.9000"0*0+02 1.144 12
INFINITE $.07540#02 1.0000 1.48960-03 1.1273"900 0.07t7 2.1466%•03 6.2335*#02 2.6743"+Yi
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CAT 7101 STURCK IUOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RdLJI m A TIi/ITP RLD2 CF H12 1112K Pk PDA
X P •)D P;4/PD RED1 co 32 1132K TW* TO*
RZ TID 8,l * % P12* H42 D2K Un TR

71010301 3.5120 1.0156 Q.395s5"03 1.0254'-03 6.5465 1.3398 5.0136'+03 5.0139"+03
1.52401-01 3.68q9"#05 g*q9qQ 2.6b54"t04 NM 1.6071 1.7791 i .941* 0•2 8.8778401
INFINITE 3.07180+02 1.0000 1.29691-03 0.0000*.00 0.0705 2.258l"-03 4.6346"402 2.85004+02

7101030? I.5360 1.0169 q.i9as",03 1,0443*-03 6.7104 1.3463 4.9635"*03 4.9651'403
2.01d0w-01 3.9640*405 1.0000 2.720611,04 NM 1.8017 1.774 9.89144*02 8.7633"401
INFINITE $.0747"*02 1.0000 1.30731-03 0.00001+00 0.0525 2.31971-03 6.6443"+02 2.8)•63+02

71010301 3.5050 1.l139 9.7002**03 1.0300"-03 6.)990 1.1365 5.0262+03 S.020b3"03
Z SQ100-01 3.66104#05 1.0000 ?.7401'*04 NM 1.6086 1.76L2 9,8941)+02 8.9107"+01
INFINITE 3.0825"*02 1.0000 1.3q131-03 0.0000*+00 0.0745 2.320S-03 6.o3S"0+,0 2.86'656402

*7101030'I 3.2300 1.01?0 1.41577"+04 9.2243*-04 4.1979 1.1)3ss 9.0125o+03 7,3560"+03
4.3307"-1 3.4005"405 k.1252 3.69684*04 NM I.0W3 1.7316 i.bq441+02 9.9667"+01
INFINITE 3.07634+02 1.0000 1,5600*-03 1.434111+00 0.06q3 2.37b1-"03 b.46531+0ý .4.60049o2

71010309 3.1400 1W)135 1.5613A,04 0.999,P?"' 4.2659 1.0336 1.0244•+04 8.5240"+03
4411172-01 3.6572"t " 1.2016 1.8147*+01) NM 1.7494 1.7290 2.6944"+0o2 1.U39V4,02
INFINITE 3.0677+0?2 t.0010 1.5313"-03 1.3739"+O0 0.0560 2.3186"-o03 6.3963*+02 2.8960"+02

71010306 3.0550 1.1107 1.6567q+04 6.9479w-04 4.148b 1,4419 1.1507"+04 .8004*403
4.846bS-01 3.9111'#0% 3.1734 1.90b31+04 NM 1.7438 1.7256 .b944"+02 1.0756"+02
INFINITE 1.041240•2 1.0000 1.17954-03 1.2532o",00 0.0147 2.2565"-U3 6.3SW"402 2,0744*4"02

7101U007 2.9700 1.0119 1.7702"+04 9.177S"-04 '.0k22 1.4227 1.3032"+U4 1.1075"404
5.1079*-0l 3.1119"4,05 I.1767 4.0567t+04 l Np 1.74144 1.7308 ad,946w+02 1.1063"+Ul
INFINITE 3.063et0t2 1.1)000 1.46161-03 1.2413"+00 0.osq9 2.15.4"-03 b.1690•+02 2a.603"+02

71011030A 2.000 I.n001 t.8800"+04 9.7469*-04 4.05b6 1.)230 I.4U2a3+U4 1.26'13*+U4
5.36YON.0I 3.9944"+~05 1.1408 1.14571+CIO Nm 1.7555 1.7404 ad.941)"+02 1.154'14"Va
1.0000".06 1.0962"+02 1.0000 1.4212*-03 l.1108*+00 0.0869 2.01631-03 6.2473"+02 2.6943"+0Z

71010401 301742 0.9918 1.4149q+04q lm '.0402 1.4•4S 8.524?"+03 56.9609+03
.84Wb3,-Ot 3.11301#05 1.22417 ] "3.44W+04 Nw 1.7413 1.7223 2.U000*+02 1.0315"+02

INFINITE 3.0100+402 1.0410 !6667"-0) 0.0000o.00 0.1077 2.4•9"-U3 b.4636"+02 2.U93g+÷O2

7101051 3.1277 11.0272 1.3685"+04 NM ',.?527 1.492o 8.5247"+03 7.1SW11+03
Q.S46$o-ot $.17175*05 11,1921 1.L4fl06404 Nm 1.7430 1.7a32 2.8buO"+02 1.0113)*02
INFINITE 2.9900"+02 1.0000 1.5956b-03 0,00001+00 0.1030 2.4032"-01 6.300o04"02 2.7642"+02

FREE STREA4 DEFINI ION ARBITNARY INPUT TAUN 'NUT CF - RUN 0401,0501 TOO INPUT



7101-11-3

EVALuATLD DAYA - PRESaunr BASED REFERENCE P-.DW

PUN 02PD H 12PD M30PD M4'lPO RE02OPIO I4C01PDI D)OTAk
D&I 14 I1 Ow H31pw H42PI REOIPhV REOMYl~i

7101o010 1,3901"-03 o.66001 1.80(17 0.0649 1.9184'.'il b.7382"03 9.1541"-U3
1.3722'-03 6ý671'J I.NOoo 0.0650 1.915F"+014 6.74e66.03

710o18lu ;.3877'-g3 6.1Nf! 1.6003 0,006 1.9534*+04 6.7606'+03 9.P.6114-03
1.3641"-03 6.7053 1,7995 0.0569 1,454*04 0.7776N+03

1.5E(614-03 "'It6 1.03 04913 2.10 27:.04 7 4396:+o

71010104 1.33Z50-03 5.98Si 1,7216 0.0600 2.5661,4+04 &.oo67"+o4 6,.4536,".03
164226*-03 509054 1.7453 0,0790 2.baal"+04 1.0?991'04

7101010$ 1.60711-03 5.7336 1,7229 a.1116 1.732%"*04 1.0~444'04 5.13S7*-03
1.olb%'.03 S.0065k 1,7437 0:00411 1.7b54*404 1.1076"+04

71010100 1.6572'.03 5.076a 1.7460 0 04113 2,9165"104 1.2106"+40 7.S477".03
l0A.4 038-o S.I39 1.7s36 0:0433 2,0291"+04 1.2160N+04

71010107 I.S363"-o3 5,2167 1.7294 0.05a?27 .0%0+04 1 81483"404 7.24W1'-03
I.Iqfl,.3 Seib 9v 1:7457 0.0 jig a.91260+04 1:96010#04

1.'4100104 S.0349 107331 0.0631 a.9IIS m #0A I.i979*+04 6.6?5'4,.03
71116 1.3711*-03 '4.96s8 107497 0:00625 2.9396*#04 i.311901+04

71010201 1.5470*-03 6.66913 1.6043 0.064S 2.4021I'0+0 d.01j7"*u3 9.214A~O03
1637911-03 b.66813 1.0010 0,0644 a.h950"e0'i *.41405**ul

710aa2 2 7"- 03 0.7971 1006 0.03M .3215"efl4 s,511403

.) I I'll 1:.6196 1:6076 0.0165 2:56a5'+fl4 9:0%234+03 9*A?776'o3
71i4n. I.416 3 6.706 1.6031 0.0567 2.5161 +04 9.0980+'03

:0lau .741".01 5.98113 1.7332 0.0761 3.0767N+04 1.4694'.s 6.03GAN-o3
1.3641"-03 5.6103 1.7111 I .0773 3.11560+04 1.2247*+04

7101"o0¶ 1.517s*.03 5.7113 1.7170 .78 31'0260+04 1,.1'-.*01 7.67570-03
1.349a"-Ql 5.6406 t,7517 0.0,718, 3 284"+0"4 I.)fl9604

71010206 1,45784-03 5.4457 1 7344 0,0669 3.2299"+041 1,155!l'e04 7.387V'-03
9,11.3 1402S 1:7547 0,0661 3oa677"+04 1.17164.04

716020~1 1.4"449"*03 5.2338 1.7171 0*066a 3.392P'#041 1,468S4*04 6.4677'0o3
&.3176*'US 5.1671 1.7492 0.0653 3.4362"*V4 1,'073"+41J

71a1ioaoo I.3005'-oS ¶0.0036 1.7403 0.0753 3,3831*404 lohb166"04 6.391¶1'.03
1.ZlOl'-03 4.9466 1.7605 0 0 7 4 3.420"+t04 1.5341"+04

71WA0)1 l.OUo".o3 6.571t 101¶39 0.0682 2.762k"Quo 9.7.167'+93 *.730?0-03
1.311u*-03 6.5439 163104 0.0653 z,741o4.04 9.717VY.iJ3II.S1,61'-03 b.7751S 1.0016 0.0%26 2.7919'*04 9.4951"+03 Ai,40

7104030 1.3176'-03 b.593o 1.6015 o 07ao 2.8366'040 I.ofl491+04 9.02841-03
I.36bb?*03 .0.400 1,1117 0:0711 2:68310"+04 lo00l9.+Q4

71010304 1.1I060-03 S.868o 1.1427 0,0.125 3,5346-404 1,3953"+04 7,71044-03
1,3141'-Ol 5.0164 1#1632 0,0717 1.5601*404 1.4117'+04

?10103050 1.4817'.03 5.6104 1.7013 0.01174 3,710~40 1.51500"+04 7.36130-03
I.13'.3 5.5181 1.7496 9.0172 WS740+,fJ' 1.5310'i'04

710lusnb 1.4040*-03 15*584 1.730S 0,0471 1,7112'+04 1,5741"+04 7,07,440-u3

1:0i030l 1.'d041"-03 S.0473 1,7451 0.0607 U.00?6"4u4 1.7484"#Q4. 6,5460~-03
1.2971".03 5.0060 147594 0.0602 4.0400+040 1.76301#94

71010306 1.3330"-03 W.66 1740008 3 5931'404 l.765'4"0A 6.2376"-03
I.R3130l" 50161 1. 1 0.0914 3,6473"+04 1.7~000*04

71010401 1.T13*-f3 5.5232 i.7113 0.1256 3,8161'*04 1,lg01'*4 7.59780-03
1.3049"-03 5.4400 1.7114 0.1 3 8 3.82660"414 1,3401',04

14oI l1:566"01 5.47471 172611 0.W01 3.00?~0+4 .1704 .38'3
I.5'o .4022 1.7116 0.107 3.8919*404 l.3103'*04



71010201 STUREK PHflFILE TAH~JLATInlij 70 POINTS, UELlA AY PO1INT 0.

I y pT2/p ('PiP TL)/T0O .-1/11D U/u() T /WI PHUHH0)*~uUU

I O.0002400o 1.ag20"f20 1.04006 0.Q'13ou olooonto .V0000 3. ebbs, O.U0020.
2 68900I--0% 1.3862"f00 1.010020 0.10141'0 0.19922 U.34391 2.97go7 0.11541
.1 I.9050*-0'4 I.76fl0".20 1.00002 0.9'1537 0.2E.0,A4 0.9/1534) Z.7$t)b U.11941
4 d.79'42,-04 1.620 On0A3on 0.94b06 0,30tj03 U. 40938 2.t,be?70 U.181755
5 i.81O1V-04 ?.%02q**O00 Q1.onoo 0.91742 U.331112 0 . 2.si o .2026~
O 0.5024*"O9 ?.c,8%*+Ot0 I.OJOO l).93b13 o.3%061 0.562794 1.46?.4j U.22053
7 9.499o6-04 2.AOA7*420 1.00400 0.03761 0.37869 O.Sh~bb6 2.199017 U.24445
6 1.19691-01 3.0077'#00 1.40000 o.9'iooo 0.395q6 O.b0629 2.35u4.m 0.25195
9 1.45291-03 3.2'.$45'$0 1.00000 0.903,50 0.04I'57 0.62AI5 2.?9699 U.2736U
10 1.7469"-03 1.04q,46*0 1.Voo00 0.94405 0.4?098 0.b4432 2.255q4 0.29561
It 2i.21499-01 s.&e0ot"oo 1.00000 0.95A24 0.44703 9.b644.0 A!.a102. 0.1.004.9
12 d.7?224".0 3.41155",00 1.00000 0.95662 0.46766 u.64a,26 2.15332 0.318701
13 i.as0'0I-'1 4.Z749"440 1.00000 0.96012 0.4S1768 0.704.?1 2029700 D.33077
14 I.71SOQ*-0 4.so0%344no 1.00000 O.bq O.bioasa 0,720.1 2.050k~ v.35041
25 .I.2409*.03 *.N297*4ll0 1.00020 0.94.570 0.52?67 0.1.1004 1.IP4437 0.36464.
16 4 'll"52-0S 1 .08?27"#A0 1.010002 0.qb6711 v.61783 u.%M441 1,0574% 0.36441

*17 5.26240-03 4.36,190#00 1.020000 0.96470 lv.559lq U.7lbh40 1.91176 0.400819
*I& t6.7?09q.03 S.64081#400 1.00000 0.97908 0.57012 U.77474 l~kf6421 0.4ti15

19t e.2789*-Ol S.A *43420 1.0)11000 0.47442 US0.5119 U.79009 IA3710 U1.43005
20 b.?Bb9'.03 fi.?215?400 1.Ol1000 0.97707 0.60002 0.82420 2.79.109 0.49403
at 7.24404-01 6.4342*00 1.00000 0.97933 U.61751 0.81h66, 1,74qnb 0.46b91
22 7.5029".03 6.oq030*4n0 1.00000 0.96151 0.63113 U00863 1.716119 U.4481
Z3 6.31()9"-03 7.17?4*#00 1.00000 0.98431 0.o4939 O.30%S6 1.07146 0.60224
24 8.8109*-03 7.425nflo+0 1.040000 0.911570 o.bbiba U.0,1746 1.11122A V.51622

*2S 9.3?u**-03 7.7907l*400 1.00000 0.487511 (1.V783 0.4fin0? I,6Qd00 0.53015
Rb 9.8349"-03 4.I2700*60 1.02000 0.94967 0.64432 V.00913 lS6646 U.5'J46o
V7 1.03451-0? 8.4oIO"4no 1.00000 0.941uI 0.70qll U.078S7 1.53317 U.57291

*28 I.Ml"1-02 8.84117*#I10 1.02000 0.9432n (I.7?025 U.84Mi, 1.29a25 u.51137a
iq 1.13540-0a 9.16"s*#n0 1.020000 60.451(4 (,11041 U.4.0o3 1.'4.?46 O.Wbh2
30 l.1567'-OR 94.ý6%5"+00 1.00000 0.99674 u.75646 0.911bbi.. 1,141127Y 0.612vii
31 1.237S*-02 9.9195420o 1..J000 0.99825 0.77157 0.9131S 1.4q175 U,65Il.'
32 1.2883"-0? 1.0277"Mfl 1.00000 o.90936 0,786007 1J.9211191 103704 0.07102
33 I.Is01".02 t.flb~ts*+01 1.I112000 1.00025 01.30201 U.9.71951 1..i4to3 0.692?2
34 1.3094*-OR t.10f13"+q1 1.00000 1.09125 01.81470 U.93461 I.ilhd? U.71015
35 1.440O7"-02 1.14W+"01 1.Q2000 1.00185 V.83093 V.9/110,3 1.21843 0.7.3320
J6 1.49151-0? l.17%.1)"n 1.00000 1.01).64 0.811315 00,172h9 0.24.22 0.7SO041

39 1.643'11-02 .R5sfl 1.02000 1.00360 0,#37476 044.(2o6 1.19541 11.1144111
'10 1.6947"-02 1.19041"+01 I.02000o 1.003?6 0.8,193 0.9,A661, 2,274%i4 U.822461
fil 1.74155"-02 10'346"411 1 .02020 1.064?2 O.110121s u .97021, 1,157n7 v.01890
.42 I.79u3'-0R 1.30I6"M1 1.041000 2.009110 0.91135 0.q7343 1.111206 0.8se74
4s3 1.8471'-02 2.i9'16"421 1.00000 1.110413 0.92167 u.q?711 1,22453 0.8h.924
44 1.s979"-02 I.4174."4'1 I . )('1@ 0 1 0.1 A .) W 0M .97221 1.11m 13 ,84169

'46 I.999s"-22 1.qb16'4ll 1.04000 1.003117 U.94433 U.9114411 I.'1D1hib O.90551
47? Z.0501".02 2.4L2?4"402 1.00flOO 1.063110 V.115025 (0.94671 1.00722 ti.92523
48 1.0I-l .49')9"+fol 1.1(1)000 1.Q0313 0.9%703 V.q8055 1.060,6 0.9a651
99 9.1119".02 1.4143"I22 1.00000 1.04291 0.96075 0,94203 I.fl%4118 0.4)3113

50 2.2027"-02 1 .55154401l IOn 1.0000 9422 o0,97l5 v).4935', I0,5091 O.q4211

S5 42435"7-OR 1.S437*401 1.00000 1.00i!46 0.,1711A9 o.99629 1.1(2Q31 u.95304
52 a.30750"-0 I.q53s"*n1 1.QD000 1.00225 Q.974514 V.943512 1,111910 0.97795f
Ss d.35413'-02 I.054l 1.0(000 1.(02092 0.9

9
0b0 0.,197T0 1.114325 0.983%

58 2.64051"-0? 1.4774"+fll 1.00000 2.00096 0.9A217 0."56112 1.11?iA9 0.92L5tl
55 2.4509-02 Is.15870fo1 1.00000 1.00133 0.9eW19 0.9')04 1.(12919 u.97348
%b 2.S.75*0720 1.61935'42 1.00000 1.02031 0.22.198 0041921 1.111440 0.97952
S1 2.7615"-02 1.6210"+Vl i.0200 2.000no 0.J9qub4 0.419709 .03 0.91336
s2 4.6091"-02 t.bo51"+Dl1 1.02000 2.900020 0.9974'4 U.Qq031 2.01)037 (.99557
69 ".8631.02 1.292 1.001000 1.00055 ;).'4)d 0.99977 2. -0313 0.949665
60 !.91107-02 l.62b"I? I1o 1.00000 1.00015 .0949~8 0.0991171 1.00711 0.99799
65 ?R,9il7"-02 1.6210"401 1.02000 10007q97 0.99242 U.06914 1.1)2063 0.4993b
66 2.8125'.02 1.63251""1 1.00000 0.99974~q,?4 0.9Q9 o993?1 1.(1037Sl 11.99957
67s 3!.063.*-OR I.6321"OI 1.00000 1.00012 0.99948? U.'9991 1.20013 0.y9993

be S.11711-02 t.bII4"491 1.00000 l.V0007 1..12095 1.)1l5 1.01000b 1.0111025UOA
2) 69 1.14.79*-02 2.6332"+OI 1.40000 1.00000 J.OflOOJ 2.13 .v~uoO 1.900000

70 S.2167"-02 I.6327.17ol 1.2(000 1.040U3A 0.999A3 1.02014 1.1)1163 Q.99951

INPUT VA014I3LES Y,U,T,P



710102112 STUREik 'RIOFILF TABUILATIO1N 70 POINTS, DELTA AT PUIr.T 70

I ypT?/P I,/ PO rU/ToD A/-il' U/Ill) T/l' RHO/14H/i.LOUu/ UL)

1 0.o00o0"+00 i.rono"too l.uooo3 o.941583 Q.uuaoO 1..00000) 3.321.51 0.00000
1 .1935"-011 1.9378"too 1.00000 0.941602 0.27807 0.S9130 a.0133?9 0.13341.1
2 2.2l1911'-01 l.95?'I"+A 1. u 000)1 0.917122 (1, pnqQ2 0.480070 ?. .7433S) 0.17504
4 .9174"-04 Z.2.781"+00 1 .00000 0.91969 to .3'095 U.5411111 2.%51l6 0 .2 1 P5

5 5-4102"-0 '1 2.h7'in"I400 1.00000 0031894 0.35933 0.56671 2.1487 ??Q o.227841
1. u.71v6'1-o 2.7th3"tno 1.00000 0.93908 ý.37183 v.501l1~ 2.0lu536 u.i!37721
7 o.102b,,-o9 2.eqq2"fo0 L.00000 0.93940 0.3SAIS 0.54liss 2.140760 0.24691
8 9,296*"0LI 3.nolou"'00 1.001100 n.911001 u.3921j0 0.6(141110 e.37929 0.25419
9 I4506b"-03 3.19h9",00 i.o)1100 o.9'Id05 0.140716 U0,b?1911 2-1315bS u.2t'o59
to 10.40'46"-03 3.11614*410 1.0)0000 0.901402 0.141965 o.U36115 72.24M V.2a9b
I1I1 l.111IV6-03 1.6ln7',Ou 1.04000 0.9ilb7q 0.914121 U.bsh?1 2.211581 U 0. 2q211
12 9,1666"-o3 1.1119'13't00 1.1.0000 0.9S4415 V.410509 0.67110 2.0314 v.104,133,
11 i.674b"-05 IJ.1512''I10 1.00000 0.95629 0.117545 D.bqtlsd 2.141t0b U.321614
14 31.10261-01 4,40b47"00O 1.00000 Q.9b955 V.'l'18f9 0.71201) d.10102 o.3393b
is IS J.6016"-03 14.4900"1+no 1.100090 0.9hi20 U.S10133 U.73027 4.01176b u.356041
16 'l.198bl-03 11.f03u'+00 1.00000 0.90767 Q.Wilbd U.741717 11.0139b 11.3t0630
I? 4I.704b"-03 5.1900"+no 1.U00000 0,46902 U.5

395
2 fj.7",hS5 I.66o1) 0.31147b

IS 5.214bl-03 5.413W+00~ 1.Mo00 0.97161l 0.55355 W.7810 1,01,?491 o.J9877
19 S.7226"-03 S.6775*+o0 1.0(0000 0.971407 0.56111'o 0.779F9 1.119111 0.141229
20 b.d346"-03 5.09112',fl0 1.0n000 0.916?1 0.511936 0.7916.! 1.hi

1
13S V.13030

*21 6.716b".os 6.23099"Ilo 1.011000 0.971:57 0.SQ712 %).80370 1.011011 0.111360
*22 F1,4bb6".01 b.toal"+no 2.01D000 0.911093 0.i*1572 u.111771i 1.763heo 0.463b4

i3 F,7546*-0S 6~00Q94fnu 1.00000 0.901315 0.113065 0.5?1117? I.21' .4994
211 0.2626"-Cos 7.1440"01,0 1.00000 0.96SA12 0.01441 U08374..) l.'.9Up6 9.4929b
25 U.771061-03 7*'I7A34+nl0 I1.oo00 0.9111725 Q0.o844 0.8111111 1.693hftj v.51127
ib2 9.274t6"03 7.7l31ll*+Il 1.0600() 0.9'1,9211 0.0047 U.857621 l.l'po u.52772
27 Y.?1166"-03 11.1717"~000 1.00000 0.99117 O.tjOosq 0.8b11115 l.1i23A 0.511O411
is I.029j".02 A1;.27I"ofl0 1.00900 0.942711 0.70026 0.87641 1.511701 0.541781
29 I.0001*-02 A.1i22o',Il0 1.00000 Q4Q? 0.9916 .191011 0.611o3lul 1.521190b 0.561110i
SO 1.011".0a' O.211740f0 1.010010 009111,118 0.737h; 0.8466.1 1.471,103 0.6062A
it 1.18w9-gp2 9.'1961',00 1.011001 0098000 U.I141614 0.90ab0 1.45143 0.b1911
32 1.,2347"-0? 9.111610+'00 1.0000 n.4411195 Il.Ift31l Q.91119 I.1171)11 1).u040P
3) 1.28355-02 1 ..1'15o, tI 1.Q0000 1.10oo75 0. 71125 V qlll?I) 1.31W17 (1.66507
34 1.3341"-0? i.no116'*O1 1,001100 1.00211 0.195si O.9271o I.,591196 U.682411
is I31S"0 1.1130""''l 1.00000 1.011310 11.81265 0.'J1%91 1..'%~ 0,70608

17 1.011ob7"-02 1.18I7'.0I I.0nooO 1010 0.63,00 V.947110 1.V7'I0 v.71131
36 1.537%"-02 1.7197*0(I 1.un000 1.00,547 0.805e12 0.95292l I.211'411.8 .762r,2
19 l.tOW3-02 l.p51,1"*nl 1.00000 1.0651110 11.dbS465 0,951129 1,27550 0.711111
LI10 1 .to 9 1'0 2 1.pl.?5I9+ 0 1. u 0 000n l.u0061 0 .b 117 u .9to 375 1 0. 0v I j 0.801041
41 1 l. b19 91 02 1 .32 () " +fl I.u(1.011Q)0 1 .00b117 0.04*130  11 . 91)7 ku I AmIkel 0.dlua2
110 1.71107".0.II? lbh%9* + 1 I. 1)U0AO I.000 1.)171 0.90019 u 0.017 II 1. I32ti 0.l13 lb

914 1.8'1421-02 l.'l09,j,+'l1 1.1,0000 1.00650 0.41872 0.977111 l.I11.0a V.86329
40 1.8931"-(12 1 .114 1 1+ 0 1 1.100000 1.00657 1) w9so .0,~11" ll9 .111 K IIu4 I 820
41 1.94139'.02 l91 . i'+O*1 1.tlon110 1.1.11621 0.93v7 (1..9413154 1 .lI I.%a 0~,d112b
117 1.99417"-02 1 .4112"8" +')I 1.00000 1.1)05111 0. ql 1143 t1,9115119 1.19117p V. 90011)1
No5 2.01155".0p 1.11100"+O1 1.1,00000 1.001565 U.9%221 0.9811:1 1.014751 V.41134
119 a.0063'-De 12,"1l 1.00000 1.0(1506 Q 0.,),; Mo 0.98h 1190 l.Ih 0.9211P5
so 1.11171"-02 I,91151",01 1.10001ll1 l0oO%7 0.yb630 0,991117 1,'51109 U.93051
51 2.1479"-02 1.55,19"01 1.000n0 l1,00511 J.90677 o.q~QoIq 1.11L,.71 u.9411.17

53 2.24995"0? I.1s867''01 1.000v0 1.041411 0.476fi7 u.910o)11 l.12 V.9SW7
55 1. . 31103-0? I~ll.606S+IfI 1 .000010 1.o0442 .1 YI9401 0.997111 1.171341 10.96305
55 2.4011"-02% I.61l19".ll 1.100000 1.110311 ll.9111b6 0.94:711% 1.11218s %1.9b936

'1) e.55%1'11102 l.b3034t11I 1 061000 1,v0209ll 1 I.,1856b1 .. 94'(77S I f121118¶ 0.98251!
57 e.50273.-02 l.6350',111 1.01000 1.o'12%1 0.921`163 0."'1163 1.01,p06 0.957A2l
S6 ol.o552'-02 1.61123,601l 1.001100 1.00249 o.9Y1117 0).91197 1.0l102 0.914121J,

62 i.V51'92 l."1",a 1.0"0000 1.302%7 0.94208 0.IqaOql 1.0134b0 0.99451
to e.058131".02 l .f,5117"MI 1.00000 l.1)02I11 0.1944 $7 .011 ye I . I)I11A Q 0 .989041
61 4 .810W-0? 1 .061416'.( 1.00000 1 . 111116 0.401144 1 . 41111 141 ,[ 5t. t 4.9 1 A!
62 e.90'4l'-0l I.655131#11 1.00001 1 . (12 2 Q 10.4 11b 1 vIl13T5 1 .I) h s t 0. 49LI12
60 o:.3n5"0-0a l. t5()7-+II 1 .00000 1.004,11 Q u. IM99o5 1.00119?1 1 .u0.)5. 0.991111"
67l 9.0407-02 1.65461+(11 1.040010 1,0011113 V.94820 1. 001[)a5 1. 1-041!j V.99596
613 4 1. 01 ",-02 1.E.5,11*40'l 1.100000 1 .11110113 ll,9gu11 1 . u lk105l 1.-1(1445 U.41187

69 1.0107"-U2 I.bs596.flI 1.000100 1.011043 0.190l17 1.l0l000 1.1100121 0.999111

0 70 s3.1631'"-1) 1.036114*01 1.0(1000 ,101 Ml0000 1.09001)0 1 .'(0000t 1 001011

INPUT VAP1119LS yI TP



7101 -C-3

71010203 STUREK PROFILE TABULATION 70 POINTS, DELTA AT POINT 70

I Y PT2/P P/PD TO/TOD M/MD U/UD T/TD RHO/RHOV*U/UD

1 0.0000000 1.000O+00 1.00007 0.94329 0.00000 0.00000 3.25436 0.00000
2 1.2954"-04 1.4341"t00 1.00000 0.94469 0.2t045 0.36005 2.94015 0.12273
3 1.3970"-04 I.4935"+00 1.00000 0.94476 0.21262 U.37954 2.90646 0.130 S
4 2.3676"-04 1.7990"+00 1.00000 0.94421 0.27306 0.4531Y 2.75436 0.16453
S 5.5116"-04 2.s594"+O0 1.00000 0.93620 0.35973 O.s39s 2.4S761 0.22947
6 6.8900'-04 2.9491,tO0 .O00000 0.93789 0.39173 0.60072 2.35162 0.25545
7 1.11000-03 3.11q7"÷00 1.00000 0.93977 0.110571 0.61669 a.31047 0.26691
8 1.3589"-03 3.30350+00 1.00000 u.94230 0.02019 0.63298 2.26933 0.27893
9 1.b129*-03 3.4919"*00 1.00000 0.94586 0.43447 0.64899 2.23130 0.29086

to a.12090-03 3.65070+00 1.00000 0.95083 0.44613 0.66a48 2.20051 0.30043
11 2.62W9'-03 3.6970".00 1.00000 0.95556 0,46356 0.66126 2.15966 0.315k4
Il 3.1369*-03 4.1623",00 1.00000 0.95933 0.46163 0.69966 2.11035 0.33154
13 3.6449*-03 4.4060.0+0 1.00000 0.96264 0.49773 0.71554 2.06671 0.34622
14 4.1529"-03 4.651I"*00 1.00000 0.96528 0.51314 0.73008 2.02431 0.36066
IS 4.6609*-03 4.9042'*00 1.00000 0.96695 0.52669 0.74394 1.90005 0.37572
16 5.1689"-03 5.1598',00 1.00000 0.96935 0.54392 0.75737 1.93890 0.39062
17 5.6769"-03 5.32900+00 1600000 0.97125 0.65376 0.76S98 1.91334 0.40034
1I 6.16496-03 5.T976*+00 1.00000 0.97349 0.56903 0.17873 1.6&721 0.41581
19 6,69290-03 5.85350+00 1.00000 0.97598 0.56320 0.79037 1.63666 0.43033
F0 7.2009"-03 6.I1IS6+00 1.00000 0.97015 0.59716 0.60196 1.80050 0.44519
a1 7.70690-03 6.3790"400 1.00000 0.98055 0.61124 0.81232 1.76621 0.45993
al 6.2169"-03 6.6728"+00 1.00000 0.98275 0.62635 0.82355 1.72840 0.47637
23 0,7249"-03 6.9575$*00 1.00000 0.96471 0.64066 0.83362 1.69389 0.49l25
a4 9.23291-03 7.2494'*00 1.00000 0.98667 0.65500 0.64380 1.65960 0.50044
2S 9.7409"-03 7.S7569"0U 1.00000 0.95872 0.67065 0.85434 1.61262 0.52616
26 1.0249*-01 7.9162"+00 1.00000 0.99070 0.68661 0.86470 1.58603 0.54519
17 1.0757"-02 8.2026*t00 1.00000 0.99213 0.69974 0.87109 1.55611 0.56094
a2 1.1265"-02 S.55240*00 1.00000 0.99189 0.71545 0.86242 1.52120 0.56008
29 1.1773"-02 6.6742"*00 1.00000 0.99556 0.72961 0.69079 1.4q065 0.$9759
30 1.22806-02 9.2145*+00 1.00000 0.99707 0.74449 0.69921 1.45645 0.61638
31 1.27891-02 9.5423'100 1.00000 0.99073 0.75814 0.90665 1.43060 0.63361
32 1.3297W-02 9.8770e000 1.00000 0.99968 0.77203 0.91417 1.4021a 0.65199
33 1.38051-02 1.023"*0" 1.00000 1.00117 0.76693 0.921$1 1,37219 0.67117
34 l.4•$I"-02 1.0574"+0| 1.00000 1.00217 0.60018 0.42634 1.34601 0.68970
35 1.4821"-02 1.0929"'01 1.00000 1.00286 0.81415 0.934•6 1.31858 0.70901
36 1.5329"-02 1.1295.*01 1.00000 1.00380 0.62830 0.94141 1.29177 0.72878
37 1.5637"-00 1.l6466*OI 1900000 1.00447 0.84165 0.94731 1.26683 0.74777
36 1.63450-02 l.972"601 1.00000 1.00492 0.85362 0.95246 1.24439 0.76540
39 1.6653"-02 t.22680"t0 1.00000 1.00527 0.86552 0.95725 1.22319 0.78250
40 1.7361"-02 l1.624"*0I 1.00000 1.00553 0.67775 0.96206 1.20137 0.600062
Al 1.7869*-01 1.3002+*0I 1.00000 1.00513 0.89131 0.96100 1.17706 0.62194
42 1.6377*-02 1.3246"bO0 1.00000 1.00520 0.69993 0.97013 1.16a09 0.63481
43 1.B6605-02 l.3563"*01 1.00000 1.00480 0.91104 0.97391 1.14277 0.65223
44 1.93930-02 1.3511l#01 1.00000 1.00429 0.91966 0.97667 1,12781 0.66599
45 1.9901*-02 1.40601+01 1.00000 1.00454 0.92619 0.97970 1.11409 0.67936
46 2.0409,-02 1.42780+01 1.00000 1.00413 0.93562 0.96201 1.10162 0.69142
47 1.09l7"-01 1.44920+01 1.00000 1.00304 0.94285 0.96426 1.08976 0.90316
48 2.1425"-02 1.4651001 1.00000 1.00357 0.94020 0.96560 1.06105 0.91196
49 2.1933"-02 1.4437?*01 1.00000 1.00326 0.95430 0.96771 1.07107 0.92117
50 2.2441"-02 1.4962"*01 1.00000 1.00282 0.95852 0.98662 1.06421 0.99915
51 2.2949"-02 1.5I16"t01 1.00000 1.0024 0.96362 0.9029 1.05611 0.9$768
52 4.34571-0a 1.11279+0I 1.00000 1.00233 0,96083 0.99161 1.04840 0.94630
53 2.396SI-01 1.5369"#01 1.00000 1.00190 0.97191 0.99259 1.04302 0.95165
54 2.44730-02 1.54900+01 1.00000 1.00214 O.9?S79 0.99393 1.03741 0.95809
55 1.44681-02 1.95670t01 1.00000 1.00196 0.97901 0.99475 1.03242 0.963592
56 2.5409"-02 1.5S6S2+'O 1.00000 1.00134 u.96111 0.99506 t.02060 0.96733
S7 2.5997 . -01 1.575"*01 1.00000 1.00121 0.94314 9.99563 1.02556 0.97081
56 2.6505"-08 1.10360+01 1.00000 1.00120 0.96703 0.996b2 Io,0qss 0.97733
59 2.7013'-02 l.5934"t01 1.00000 1.00066 0.99018 0.99758 1.01496 0.98205
60 2.7521*-02 I.5457*"01 1.00000 1.00071 o.q9993 0.99770 1.01372 0,98420
61 2.6029"-02 1.6019*0o .1.00000 1,00046 0.99291 0.99016 L.01060 9.90769
62 2.85370-04 1.6041"001 1.00000 1.00023 0.99362 0.996825 .00935 0.96900
63 2.9045101 l.60900+01 1.00000 0.9qqqb 0.99517 0.99657 L.00666 0.99177
64 2.95531-02 1.6117+*01 1.00000 0.99993 0.99601 0.9980O 1.00561 0.99323
*5 3.0061l00 1.6l45"*01 1.00000 0.99996 0.99691 0.99908 1.00436 0ý99474
66 3.0569*-02 l.61630+01 1.00000 0.99953 0.90148 0.99903 1.00312 0.99593
*7 3.10771-02 1.62060+01 1.00000 0.99964 0.99607 0.99949 1.00125 0.99025
60 3.1505"-02 1.6250+01 1.00000 0.99985 0.99946 0.99977 1.00062 0.49991
69 ;.2093"-01 1.62I0l+0l 1.00000 0.99959 0.99927 0.99959 1.00062 0.99096

0 70 3.260V"-02 t.62420+01 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y#UpTyP



71000204 STURElI PROFILE TABULATION 66 P'OINTS, UELTA AT PUINT 50

I y P72/P P/PD TO/TOD ti/l40 U/thO T/70) RHOIR414W*U/UD

1 0,0000+00 1.0000"460 1,23334 D.94J230 0.u0000 V.00000 2.qI1457 0.00000
a 1.727?2-00I 1.1546'4*00 1.23316 0.901146 0.25175 0.403717 2.57231 0.11435b
1 1.910(1"-014 1.6215"400 1.23305 0.94186 0.26035 Q.471421 2.53657 0.20b21
'4 2.6416"-041 l,?914*#0 1.23305 0.9'5056 0.2q447 U.L46181 2.146.07 0.23121
5 1.7338"-04 1.4264"+00 1.23284, 0.9391, u.11374 0.491612 2.40871 0.114022
6 4.7490'-04 a.0147'4f00 1.23271 0.93944 0.325i41 Q.50100, 2.371356 0.26009
7 5.8674"-04 2.09751+00 1.23260 0.93997 0.3357h 0.51496 2.3Sd3a 0.2696s4
a 7.16826-014 p.tG84"+40 1.23237 0.94135 0.S4659 0.5pab7 2.32?643 0.28003
q 8.0772*-04 2.?3sb6+00 1.23226 0.94233 0.352054 0.5355b 2.31435 0.285t5
t0 1.0312"-QI 2.3s441+00 1.23203 0.90562 0).56524 0.55226 2.2664ý 0.R9759
11 1.26414-03 P.4655*+00 1.23110 0.94816 0.377014 0.56t6854 a.?6019 0.306914
12 1.49611-03 2.5630o"+00 1123102 0.95011 0.311703 v.S7890 2.23730 0.31853
13 2.004I-oi 2.7866*,0 1.221144 0.95364 0.40881 0a.043'4 2.18537 0.339914
14 2.5121*-03 2.9560'tO 1.22787 0.95630 0.4124418 0.02201) 2.14796 0.35S66
Is 3.02011-03 3.14S11+00 1,22629 0.9s626 0.44114 0.64020 2.10609 U.3727b
lb 3.5281*-03 3.3105~*to 1.22449 0.96016 0.415124 0.05514 2.071'11 0.38727
17 4.0361"-03 3.51240300 1.22269 0.96221 0.47266 0.67304 2.02792 0.40SA2
16 4.'341411-01 3.7216*#00 1.22068 0.96395 0.48034 0.884169 2.148883 0.42276
19 S.0521"-03 3.44l6"400 1.21754 0.9b615 0.501440 0.704040 I.Q48f,3 4.44048
20 5.5601'-0) 4.1615001l0 0.21469 0.96900 0.52103 U.12030 1.01122 0.45779

*21 6.0681'-03 'I.43461400 1.21153 0.97119 0.544063 0.73607 1.8b37b 0.47978
22 6.5761"-03 14.67790#00 0.20762 9.97326 0.Ss696 0.7s249 1.442520 0.09794
23 7.0841"-Ol 4.47S2'*400 1.203442 0.97548 0.b7662 0.76931 1.79001 0.52011

*24 7.5021"-03 5.2623"400 1.l49i4 0.117840 0.59495 0.78116a 1.73425l 0.S4046
*25 6.10010l-03 S.16914o400 1.191441 0.911098 0.6154 0.00069 I.b9.!35 U.S6510

24. 6.6061"-01 5.6670*+00 1.18966 0.911336 0.03295 0.8t4t2 1.6%1438 0.58544
27 9.118tV-03 b..bS%4*+00 1.085(46 0.96574 0.bS43u 0.62901 l.bobtla 0.tII147

*26 9.824I"-03 6.41991"+00 1.17966 0.99793 0.67360 0.64320 1.S6728 Q.b3472
29 1,0132~-02 6.9%26*+o0 1.11335 0.94015 0.09258 0.8"618 1.S2764. U0.77?

10 .0&'401-02 7.12057"*00 1.16715 0.999014 0.71265 0.6615 1.44744 0.611200
3L 1.11W6-02 7.7016"400 1.1606S 0.94421 0.73202 Q.5s231 L.044947 0.70SA2
32 1.14.561-02 6.1sa16*400 1.15431 0.996b29 0.7S406 Q.b14445 1.407041 O.733au
3$ 1.2164"-01 OS.269~*00 1.1477 04.99754 0.77263 0.90501 1.17130 0.75749
34 1.2072"-02 6.66lo0*00 1.14125 0.q91494 0.7887S 0.91401 1.34s!83 1).17bi10

36 .3180"-Ol q.16R22*00 1.13460 1.00154 0.61204 0.92b40 1.101151 0.6076u
36 1.3666"-0? 14.77?0.041l 1.12007 1.V0234 0.83059 0.93549 1.26617 0.031119
37 1.41961-02 I.n2l 6',i0 1.11906 1.00102 0.85024 0.9446(4 1.23451 O.115b34
38 1.4704"-02 1.0010+,01 1.10993 1.00356 0.66910 0.95312 1.20.264 0.519b2

*19 1.5212"-02 t.t079*+0I 1.10081 1490400 0.SM713 o.96084 1.17309 0.90i64
'40 1.572"".02 l.14490+01 1.09203 1.00436 41.902su 4.96721 1.146452 0.91963
42 L.6126"-02 1.l18160+01 1.011331 1.00477 0.91831 0.9735? 1.1239b 0.910Q[)
'42 1.6736*-02 1.2152"401 1.07457 1.00431 0.9309') 0.976141 1.101fib 0.9sa19
43 1.72441-02 1.2476*f0I 1.06578 1.00369 V.943mq 0.911257 1.08375 0.96627
44 1.7752"-02 1.2717"01 1.05699 1.00323 0.q4a48 0.986?9 1.16.100 0,971"1
45 1.62040-02 1.1302",111 1.04753 1.00253 0.965146 0.98960 1.1's081 o.96660
46b i.67OVS-02 1.12'49,~00 1.03796, 1.00216 o.97379 u.94237 l.V1138113 0.9910S
47 1.9270~-02 l.34414',0l 1.02635 1.001056 0,97967 U.99406 l.4529'39 0.99290
48 1.9704*-02 1.1632"M0 1.Q1670 1.00127 0.9%8820 U.96

9
60 1.01731 0.99816

549 9.0292*-01 1.3767"401 1.019.35 1.00035 0.9"lu1 0.q992. I.O0830 0.9992le
0 so 2.0600"-Oa 1.3946"+01 1.004000) 1.00000 1.400000 1.000il0 1.000(10 1.U00004
S.l a.1S06"-02 1.4019'4fll 0.99054 0.q9lb7 1.00272 1.00075 O.Q14bmq 0.99517
U2 9.16I8"-Oa 1.4168't0l 0.9m051 0.414877 1.00"24 1.00203 0.49172 0.91472a
S3 4.2324P-Oa 1.46172"+Ol 0.b9695 0.99025 1.01205 1.00297 0,468223 0,99010
54 i.Z832"-0l 1.4409"o01 0.9%866 0.99803 1.041705 1.nn4146' 0 .475)41 U.98721
15 2.3340*-oa 1.4443"+01 0.94162 0.914776 1.01976 1.005144 0.41194, 0.980141
56 2.3S4S"-02 1.45600A91 0,03670 0.99722 1.022711 2.00500 0006640 0.974122
1? 2.41%66*'2 1.'406S,01 0.YR577 0.99745A 1.Vu20l' 1.001.l u.q62fl.4 0.,)692(1
56 2.4064*-0? 1.11733*+01 0.91465 0.9077b 1.0pn61 2.00792 0.S9590 0.96071
S9 2.5172"-02 1.41869.1)* 0.905392 0.914M3 1.03372 1.0451419 0.9,3l0 0.45711
60 2.5S60*-02 1.4912"+O1 0.891424 0.9970#1 1.035a7 1.0'n95a V.9s081 0.94796
bi 2.0355S-02 1.49890+01 0.U8196 0.110700 l.si1786 1.v00V 0.94752 o.9401?
82 ?.6896*-02 1.5037"ft0 0.87171 0.99sp89 1.O0044 1.011)0b (Il.414l 0.93339
63 d.7404"-ge I.l.51b"+n 0.66236 0.99b64 1.014292 0.15) 1.440o2 0.92723
84 2.7912*-Oa 1.15S9~*fl 0.8sa69 0.90721 1.104514 0.V1253 0.403115 0.9a020
85 2.13440".0a 1.52b5*0'1 0.641455 0.997#6 1.04748 1.041366 O.M1479 0.91074
86 2.8926'-01 1.537q1fl 0,83273 0,991so 1.0i171 1.01465 0.9307b 0.90779

INPUT VARIAOLES YOU#TOP



7101-(C-5

71010i05 STUREK PROFILE TABULATION 64 POINTS# DELTA AT PuINT 47

1 Y PT2/P P/PD TO/TOO M/MD U/UD T/TD RHO/RHOD*U/UD

I 0.0000'400 I.OOO+O0 1.21230 0.94360 0.00000 U.0Q000 2.82927 0.00000
2 1.2192"-04 1.1$41*+00 1.21204 0.94234 0.20512 0.41710 2.47751 0.20415
3 1.6256"-0' 1.69I0".+00 121204 0.94229 0.28518 0.44458 2.43035 0.22172
4 2.0320*-04 1.7671-00 1.21104 0.94183 0.29732 0.46060 4.40uo0 0.23259
5 3.2512*-04 I.8967"+06 1.21165 0.94045 0.31690 0.48S65 2.34651 0.25056
6 4.7752"o04 2.0239'+00 1.21i4s 0.94153 0.33423 0.54775 2.30786 0.26653
7 5.3848"-04 2.087s"+00 1.21125 0.94218 0.34R36 0.51797 2.28889 o.27410
8 6.0?6e•-04 2.2451"00 1.2106 0.94505 0.36138 0.54173 2.24715 0.29188
9 1.0160"03 2.35n2"+00 1.21037 0.94609 0.37333 0.55600 2.22439 0.30297
10 1.5240*-03 ?. 6"5'l00 1.20949 0.95338 0.39676 0.51508 2.17453 0.32542
It 2.0120"-03 2.7409*+00 1.20704 0.95739 0.41443 0.605865 2.13713 0.34218
12 2.5400*-03 2.91W7+00 1.60469 0.9S916 0.43092 0.62410 2.097Sb 0.3S&44
t3 3.04500-03 3.0958*+00 1.20233 0.96104 0.44708 0.641•4 2.0590b 0.37461
14 3.5160-03 3.2745"00 1.19968 0.96b54 0.46276 0.65789 2.02114 0.39057
I1 4.0640"-03 3.4570'+00 1.19679 0.96444 0.4?787 0.67367 1.9848? 0.40419
16 4.5720*-03 3.6394000 1.19361 0.9661L 0.49306 0.68845 L.94959 0.42149
17 5.0500"-03 3.8220*"00 1.19037 0.96790 0.507S0 0.70247 1.91J99 0.43613
|8 5.680"-03 4.0439+00 1.18724 0.97037 0.52446 0.71866 1.87751 O.qS44a
k9 6.0060"-03 4.2921"+00 1.164!0 0.97271 0.54277 0.73541 1.83577 0.47435
20 6.60400-03 4.60250+00 1.18086 0.97474 0.16480 0o74S56 1.78482 0.49923
I1 7.1120"-03 4.998y"00 1.17616 0.97742 0.S8501 0.77177 1.74036 0.52117
22 7.6200"-03 5.l714"+00 1.17136 0.97942 0.60300 0.76641 1.70081 0.14160
23 8.1250"-03 5.4708"+00 1.16655 0.981q9 0.62213 0.80200 1.66170 0.56299
24 8.63b0'-03 5.8367+00 1.16105 0.98515 0.64472 0.81896 %.6b3is 0.18970
25 9.|q40"-03 6.1529*"00 1.05704 0.98786 0.66361 0.83270 1.57413 0.61191
26 9.65201-03 6.5l25.l00 1.15234 0.90979 0.66445 0.84739 1.13279 0.63706
27 1.01W0'-02 6.6861"+00 1.147S3 0.99218 0.70543 0.86155 1.49160 0.66282
18 1.0b6Sl02 7.30961t00 1.14185 0.99448 0.72847 0.67633 1.44•71 0.69145
29 1.11761-02 7.6862+÷00 1.13616 0.99037 0.74836 0.8A885 1.40976 0.71610
30 1.16890-02 8.0631"+00 1.1303a 0.99839 0.76774 0.90010 1.374S3 0.74022
31 1.2192'-02 6.4461'+00 1.12469 1.00026 0.78694 0.91107 1.34038 0.76447
32 1.2700"-02 8.89241+00 1.11901 1.00171 0.0873 0.92277 1.30190 0.7931M4
13 I.3208-09 9.3417"+00 1.11101 1.00372 0.83009 0.931103 1.26612 0.8202a
34 1.37161-02 9.78171#00 1.10470 1.00435 0.81048 0.94377 1.23144 0.84664
3% 1.4124"-02 I.0lSZ'#01 1.00714 1.00401 0.86725 0.95152 1.20379 0.806753
36 1.4732*.0? .0612"+0l 1.09038 1.00527 0.88766 0.96046 1.17073 0.894S4
37 i.SAW0"-02 1.0942'+01 1.06333 1.00502 0.90417 0.96716 1.14417 0.91572
38 1.5748'-02 1.3791+01 1.07578 1.00514 0.92070 0.97A81 1.11870 0.9164S
39 .6296"-02 1.1691"taI 1.06823 1.00461 0.93337 0.97856 1.oqql0 0.95100

40 1.6764*-02 I.qb|676O 1.06068 1.00401 0.94523 0.98$65 1.0807b 0.96440
41 1.772•702 1.2235"M01 1.09313 1.00315 0.9S616 0.98626 1.06396 0.97623
42 1.7780"-02 1.2417*401 1.04558 1.00235 0.96354 0.98855 1.05257 0.981M8
43 1.80706-02 I.2644*010 1.03804 1.00131 0.97267 0.99173 1.03957 0.99027
44 1.5796"0-02 .28730#01 1,025•3 1.00135 0.98180 0.99449 2.0202 0.99692
41 1.9300-02 1.3044"t01 1.01909 1.00081 0.99803 0.996S3 1.01626 0.99923
46 1.9612*-02 t1.147'*01 1.00911 1.00033 0.992S7 0.99767 1.01030 0.99689

0 47 a.031"-00 1.33370#01 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
48 2.Q828'-02 1.3440+01 0.99039 0.99934 1.00400 1.00100 0.99404 0.99733
49 2.13364-02 .3152601 0.98088 0.99008 1.00733 A.00181 0.96916 0.99347
S0 2.1644'-02 1.3659"*.0 0.97138 0.99854 1.01247 1.00337 0.98211 0.99a00
51 2.2352'*02 1.3721*OlI 0.96187 0.99031 1.01462 1.00404 0.97886 0.98661
1 52 2.2860"-02 1.3809"+01 0.95236 0.99836 1.01819 1.00513 0,97413 0.98127
S3 a.3368*-02 1.38866101 0.94187 0.99781 1.02113 1.00580 0.97019 0.97644
54 a.3076*-02 1.3960"00l 0.93130 0.99819 1.02396 1.00689 0.96694 0.96986
1S 2.4334"-02 1.4013t90 0.92089 0.99805 1.02S98 1.00746 0.90843 0.96218

. 56 2.4892"-02 1.4083*+0i 0.91040 0.99762 1.02863 1.00800 0.96043 0.95557
S 7 t.5400"020 1.4149wtoj 0.90001 0.99806 1.03111 1.00900 0.95772 o.94687

so 2.5908"*-0 1.4214*03 0.00952 0.99843 1.03354 1.01001 0.95501 0.94076
S9 2.64t16-02 1.42670+0I 0.87903 0.99823 1.0355 1.0105S O.9S1O2 0.93280
60 2.69Z4"-O2 I.4319't01 0.86814 0.90910 1.03151 1.01160 0.95068 0.92W00
61 2.7432*-02 1.4363*01 0.8180S 0.99726 1.03914 1.01117 0.94688 0.91631
62 2.7940-02 1.44360"MC 0.84756 0.997g9 1.04186 1.01207 0.94363 0.90904
63 2.0448*-0 1.4522.001 0.83492 0.91817 1.04908 1.01345 0.94038 0.89979
64 2.0956'-02 1.46271401 0.822t? 0.99751 1.04899 1.01431 0.93496 0.89195

INPUT VARIABLE# vfUTfP



710102eb STUREK PROFILE TABULATIONI 65 POINTS# DELTA AT PUINT 4q

I Y PT?/P P/PD TO,'OD M/MI) UIUO T/10 RHO/RHOD.U/UD

1 0.00O040"t 1.00001"ou 1.18416 0.94457 0.00000 0.00000 2.72158 0.0000o
*2 1.9304"-04 1.6511'+00 1.18370 0.94201 0.?8615 0.438A4 2.35193 0.42086

3 2..5400*-04 l.7926"tQO 1.183S5 0.941174 0.310S8 0.47068 2.29666 0.2a255
4 3.7844"-04 l.9231*too 0.32961. 0.94252 0.33045 0.q9599 2.2S287 0.07258
5 5.41O?'"-O4 2.03?2"+00 1.18284 0.94449 o.34558 0.51515 2.22211 0.27422
1. a.7310"-04 2.1310"foo 1.18250 0.94570 0.35842 0.53095 2.1944~7 0.28611
7 8.7884"-04 2.24011#00 1.16199 0.94621 0.37193 0.54762 2.16786 4.29856
a 1.1328'-03 2.1725t00o 1.1822 0.95152 0.36132 9.5663S 2.134s1b 0.31288*
9 1.64080-03 2.5bal~f00 1.17909 0.95704 0.40613 0.59137 2.09958 0.33210
10 2.1458"-03 2.75261+00 1.17695 0.96061 0.42780 0.06335 a.05692 0.3%090
11 9.6sboo-03 2.91I8~t00 1.17465 0.96209 0.4434S 0.g.3061 2.0234g. 0.36619
12 3.1648"-03 3.0713't00 1.17226 0.96163 0.458112 0.1.4675 1.98957 0.38107
13 S.67280-03 3.24lq*+00 1.16967 0.96518 0.47404 0.66274 1.95464 4.39666
14 4.1506"-03 1.4273*t00 1.16679 0.96671 0.49028 0.67903 1.91614 V.4I310S
IS 4.668'8-03 3.6242"tD0 1.16347 0.96796 0.50692 0.69507 1.318088 0.43013
16 5.I968*-03 3.53361+00 1.16014 0.96979 0.5Ž396 0.71125 1.84254 u.44783
17 5.7048*-03 4.0449"+00 1.1569 0.97146 0.54D61 Q.72S53 1.806AS 0.46539
18 6.2128'-03 4.2II310+00 1.153S6 0.97341 0.5'3851 0.74a52 1.76747 0.46462
19 g..7108*-03 4.116051+0O 1.15023 0.97565 0.57910 0.16029 1.72367 0.50735
20 7.2288*-Q3 '0.7965"#00 1.14691 0.97866 0.59598 0.77464i 1.69030 0.52575
21 1.71bg*-03 S.t263*t00 1.14341 0.98109 0.61511S 0.74295 1.g.43q0 0.55153
12 6.2448'-03 S.4396".00 1.13922 0.96336 0.a39I9 0.80894 L.60167 0.57538
23 6.7528"-03 S.7897"f(00 1.131178 0.98585 0.t6614 v.13?570 1.55787 0.60146b
24 9.2b08".03 6.1241"+00 1.12924 0.96829 0.08R20 0.8405S9 1.S1625 0.62521
25 9.7688*-03 6.50815.400 1.1?377 0.99064 0.70519 0.85644 1.47091 O.W525
26 1.0277*-0? b.A402"*40 1.11822 0.99287 0.721143 U.8W91 1.43952 V.67537
27 1.0765'-02 ?.?902"+fl0 1.112b8 0.99516 0.74972 0.84507 1.393614 0.10663
28 1.1293*-02 7.72499*00 1.10113 0.99753 0.77363 0.84952 1.35103 0.73b64
29 1.1601'-02 8.1248"+030 1.10166 0.99945 0.79449 0.91158 1.3Ib4b 0.76284
30 1.2109*-0* 8.6000+t00 1.09bl2 1.00137 0.81587 0.92493 1.27581j 0.79466
it 1.28171-02 9.00W4~00 1.v00S7 1.DO305 0.83897 0.93555s 1.24348 0.82050
32 I.3325-02 9.45%5"+00 1.09485 1.00444 0.06101 0.94654l 1.20O5% 0.84966
3$ 1.3833"-02 9.A766*000 1.07562 1.0(1522 0.88101 0.qS591 1.177?1 0.87581
34 1.4341"-02 1.0279*+Ol1 1.07247 1.00617 0.89971 0.96446 1.14911 0.90013
35 1.484t"-02 1.061S**0I 1.06624 1.00M0 11.91501 0.97040 1.125j6S 0.91956
36 1.5357*-02 1.09514,01 1.05975 1.90571 0.93020 0.97680 1.10271 u.43675
37 1.5865*.02 I.13nfl8*+o 1.05224 1.00543 0.q45S1 U.9$821 1.07977 0.95775
38 1.6173*-02 1174f1 1.04481 1.00489 0.95791 0.Y871h 1.06,404 0.97116
39 1.6S81*-02 1.182va~to1 1.03730 1.00444 o.9611?7 u.99073 1.04092 0.98163
40 1.7369"-02 1.2079"401 1.02966 I.Q0317 0.97690 o.qq4l39 1,43326 0.99274
41 1.7897'*02 1.2l~f1 1.02236 1.00245 0.98415 0.99563 1.0234g. 0.99456

42 1.8405*-02 l.p3s7?401 1.01494 1.90019 0.99060 0.997%5 I.olmo6 0.99640
03 1.Oq13*02 1.2471*+I1 1.00751 1.0811% 0.19512 Q.9QM94 1f00730 0.99915
D 4 1.942l*-D? 1.2544-+01 1.00000 1.00000 1.voll00 1.00000 1,00000 1.00000

45 1.qq9l9"02 1.2615I4'3I 0.99257 1.00016 !.00212 1.00nA2 0.097lq 0.99b96
46 a.0457"-02 1.a 7"n 0.9A472 0.90985 1.00550 1.uo183 0.99274 o,99377
47 2e.0945V-02 1.79+1 0.975sq 0.19947 1.0(0844 1.00264 O.48$53 0.98951
48 t!.1453"-02 1.3420"01 0.9664S 0.98069 1.03402 1.003bb 0.04.213 1.02950
'49 2.196V~-02 1.292g.0+01 0.95732 0.99933 1.01403 1.00447 0.98323 U.97999
50 2.2409"-o? 1.?905"al 0.94619 0.999:I6 1.016A4 1.00538 0.9715e1 1.97515
51 4!.20?77-02 1.3090*401 0.93597 0.99949 1.01008 1.0062l 0.07~497 U.b96904
U2 d.348S"-02 1.1112~*01 0.92949 0.99q954 1.021%9 1.00711 0.97185 0.96322
S3 !.39930-02 1.314.a"

0
1 0.91993 '1.I09935 1.02378 1.00764 J.Q66?a 0.9%689

54 2.4500~-02 1.32S4't,01 0.91037 0.99946 1.02651 1.00809 0.'Qo550 0.95201
SS 2.5009"-02 1.13004~011 0.90081 0.q9933 %.02914 1.00956 0.96144 0.94s00
Su. i.5517'02 1.33317'40I 0.0911? 0.9a988 1.03186 1.03069 0.05933 V.93865
57 4.b0?5"-O2 I.343T7"i01 0.09110 0.q9b96 1.031161 1.01148 0.955631 0.91i26
SO 2.6.533"-0? 1.35091+01 0.67119 0.q9099 1.03753 1.01234 0.45203 0.92636
59 2.70W1-Il2 l1,577*+fl1 0.8612 0.99976 1.011023 i.0I

3
30 0.94691 0.919s6

60 e,75'J9'-02 I.3g.4b,+A1 0.85111 1.00000 1.04298 1.01431 0.9447b V.91201
61 2.8057"-D? 1.3)?6*011 0.614114 0.9096,1 1.04613 1.0153 0.94163 0.90682
402 co.o8565"-02 l.7o.+1 0.3090 1.00076 1.04873 1.01052 0.43452 0.89900
63 a.9073*-02 l.18W4fll 0.80015 1.00047 1.05236b 1.01777 0.91s35 U.89241
64 2,9561-02 ).39514"t41 0.60939 1.000013 1.05511 1.018115 0.43136s 0.88499
65 3.0049"-02 I.4033*~0l 0.7985 0.49892z 1.05818 1.038514 0.92609 0.87789

INPUT VAOIA3LES YiI[uPP



7 101 -C7

71010201 5 TUREK PPO71LE TABULATION 60 P~OINTS, DE~LTA AT PuINT '47

1 y plb'/p P/pl) lu/lop l/lD U/li) T7/1 A 0 h/444101*U/ UD

I 0.000o4"#00 1. no n 0 " +n0 1 .I 665 0.9(4310 0.00000 0i. 000 (0 2.635n3 0.0000,)
a 1.2192"-0'4 t.5319'.l10 1.17637 0.944tS 0.26858 0.1410'47 11.33569 U.206714
3 2.6670"-04 1.n742"+0iJ 1.17600 0.9(43813 0.33103 0.49143 2.203014 0.2b222
4 4.11'48"-U4 1.ab6E4"#0u 1 .1 ?562 0.1)4379 0.3'4468 0.51818 2.17365 0.27481)
5 o.0706"-04 2.I1462'+00 1.17510 0.94732 0.36900 0.53818 2.12121 0.2q730
b b.534'4"-04 2.3112"n'u 1.17490 11.95.154 0.3A941 0.56267 ". 0 )8. I 's .31653
7 1.0490--03 2.4364""04 1.17390 0.95505 0.40397 0.58038 2.06411 0.33007
a 10361 "-0 3 2.54'11t"+00 1.11240 0.95616 U.41598 0.5014s0 2.0182q I 0.34 12 1
9 1.15215*-03 2.W919+00 1.17165 0.95969 0.1421046 (4.60(150 2.0134113 U.314sp9
t0 1.8923"-03 ? .h45* qOS 1.i1.'84 0.96231 0.43207 0 .6hi k19 2.01'h13 0.35415
11 2.1063"-03 ?.?722"+00 1.16864 0.96406 0.44010 44.r22201 1.q9969 0.36377
12 !.'4003"-03 2.4577*+00. 1.16744 0.9655b 0.411874 0.0ll?3 19646.1 o.37213
13 2.6543"-03 2.4242"040 1.16o17 0.960bb 0.145573 0.03920 1.06769 u.37597
14 41.9083"-03 3.')09"00 1.16497 0.96717 0.4I6329 0.014712 1.413103 0.38639
15 1.16213"-03 3.08'i0+00, 1.14376 0.967614 0.410471 O.Lo5148 1.9134e0 U.393913
16 1.4163"-03 3.1614"+00 1.16256 0.967q'4 0.0P820 (1.06221 I.Q1172 u.140145
17 3.6703"-03 3.?4014'*00 1.1h120 0.96677 0.14853q U.b81952 1.40257 U.4068b
k6 4.I783*-U3 3.3335*i00 1.16009 0.96991 0.414973 0.Ul7Q0 1.68541 0.411114
19 4.011323 Ol- 1 3.2I'4 1.D7 5.69 .510?6 u.b

0
30 1.47705 0.43432

210 4 4.03 -3 3707'O +40 531 0.70 .5o4 .7087 L:1647.4 0.45030
21 50.4463"-nl3 3.q2hS5IOU 1.14853 04.97322 0.54I1'4 0.7?513 1.77tp61 0.4689?
22 li.9563"-03 4.17?3"tD0 1.14365 0.97S13 0.506362 0.7112SO 1.73549 U.48929
23 6.S4531-01 4.'42t0"+00 1.13877 0.97704 0.56263 04.75890 1.h69862 0.50938
24 6.9723"-03 4.71.35*0fl 1.113472 0.97863 U.60419 u.77bb2 1.65220 U.53338
a5 7 4:,03::03 f.l799:+"0 1.1314 .980591 0 b2Jl 5 u.70201 1.61535i 0.55055
26 7.988303 932 n00 4U 1.2736 0.98355 O.b4us2 0 8 020 17042 u Sei1,.
27 6.44963"-03 5.507POO0 1.12376 0.91%539 ').ablas 0.82414 1.153609 U.o0U292
ea 9.00430"-03 5.98i16+oo 1.11918 0.901861 O.b6979 0.84204 1.ik9016 u.632142
29 .5123::03 6:36 ,46:"of I.13 01!9 0.142 0.OBa2 I.447?b 0.66081

30 1:02~0 6.530 1.10943 0 9 3 8 073a73 0.073b9 1.140.136 0.bg92a
31 1.0528,-02 7.1448'+00 1.10360 0.94S54 0.7594d U.85747 I.P$069 0.71701
32 h1 016*-0? 7.58091+'40 1.00794 0,997611 0.7A002 o.9fl268 L.X25S9' U.7416o
31 1:1154'0"-02 A.0038.+(10 t.0Q2101 0.110952 O.I60711 0.915hq 1.2,4773 0.77t66
30 1 2052::02 A 42AU:+l0 1.hblb 0.401330 u.82961 0.97823 125489 0.80535
35 1.256O0-(2 8.a6pb4 +no 1.0U8031 1.003 17 (4.05223 0.:94049 ll:..'70o 0.83454
36 1.30681-02 q.311.0"#O0 1.07445 1.011'435 U.47i470 0j.95127 1.1R27,i 0.564183
37 1.3576"-02 0.71I11-fo0 1.016860 1.00521 U.89434 U.g61)s1 1.IS.'46 0.88985
38 1.40184102 I.001'4"*+'41 1.06267 1.006p1 o.912l10 .964599 l.1?771 0.91273
30 1.41)92'"-02 1.114-t'450"$( I .5051 1.00634 0.92962 U.q7r,09 1.10247 U.93567
40 1.510(v'-02 I.OV63"+411 1.0509b 1.OW53 0.943h3 0.99161) 1.1117a 0.95369
41 I.Sb608-02 10044"+01 1.04,406 1.00518 0.95663 0.98b35 1.06310 0.96868
42 4.6116*-02 t.12pla"+51 1.03070 1.00461 0.96763 0.90032 1.01474'j 0.98016
43 L6624 :02 :1495:0l1 .02()35 I.003!k0 0.97689 0.94327 1.043382? 0.94489
44 1:7l32:..02 1.654 flI 1.0?199 1.00224 0.98390 0.99521) 1.073122 0.99006
q5 1.76'i0*-02 1.18fl7-+Ot 1.0t464 .1.00146 0.99061 0.04734 1.0163 u.99033
146 1.80)8*-02 tlq95-+Ol 1.00736 1.00115S5 O.qqS30 U.994160 1.oo0656 0.99938

D 47 i.1.61W6-02 1.2022"~41 1.0n000 L.00000 1.00000 1.069(100 1.094Jov 1.00000
08 1.9164.*.02 I.207l1+'41 0.902b4 0.99966 1.01 .0(5 .94691 0.9492&6
09 1.96721 .02 1.P1396l~ 0199529 0.9Q999 1.00505 1.0017') 0.99344 U.993is
50 1.0180*-02 I.?177"t01 0. 975f)1 0.99907 l.09b6 6 1.00 i4444 0.99001 0.969nj3

X I e.obspl*-02 l.27*1 0.47013 0.99916 1.00974 1.vQ2Ao) 0.9)138 U.905121

52 l.l6~0 .p?23".441 0.96207 0.19964 1.44125 1.003612 U.911510 0.980n5
S3 a.1700*-02 1.2330+~01 0.95399 L.000301 1.01141 1.004i94 0.9A334i 0.97,44
54 2.2212*-02 1.23?2'e1-o 0.94SM9 t.000442 i.0l5041 1.065S9 O."913e 0.96921l
55 d 2710-:02 ::P4613:Ol 0.93786b 1.90 1069 1545 u 97efl80 q4.6187

3b232~0 I.43tol 0.92923 .94966 .01890 006 t'8 v.97S71 0.9 5848
57 1.3?3b*-02 l.2512*+01l 0.92044 1.00027 1.02099 1.007511 0.q737t, 11.95235
so8 420014-02 t. P55.4 +(l 0.0115 iaooo 1.04 .02279 1.00823 0.9)7t7 0 .94"ia
5 9 4! 4752P-02 t .2b I?#()1 0.90?111 1.001047 1.0252~2 1.00905 0.

0
6o070 0.940041

60 2.5?60"-02 I.2660~fil1 0.891403 1.U0(405 I.U2725 1.00973 0.9661a 0.93432

ItJPOI VA41IABLE3 Y,u,r,'



1101-C-Il

71010.100 5 T WRE r, PROPILE TAOIJLAYInN 60 PODIiTSf DELTA AT PUINI 41

I y PT?/P P/PD TO/TOO H/mO U/Un T/10 RHO/RH-OD*U/UD

I 0.O00ofI'.0 3,flOO"+O't 1.13924 o.942~97 U.00000 11.000(10 2.53891 0.0fl00o
2 2.b28"-0 I.9672"*QO 3.13860 O.1140q 0.35792 0.L517su .O~9o .2839
3 S.1020"-04 2.0610"+00 1.13855 0.914340 0.38837 U.5?qfJ'i ?.ob6b6 0.Z9162
4 '3.892A'-04J 2?7f77"too 1.13602 0.94485 0.39(378 0.56235 2.00875 0.3Ie59
5 t. 1310*-08 2.361,11+n0 1.*13789 U.94622 U.407,46 u.I.7463 I *140fl~A u,32877
6 0.178h"-04 2.4536"+00 1.13756 0.950415 0.41791 0.58738 1.87s39 o.3382?
7 1.0744"-03 2.5776*+0O 1.13710 0.954q2 0.143206 U.(o0392 1.914579 V..351488
5 1.1233"-03 2.%040 1.13b0'4( 0.9s9% 0.0414M 0.01463 L.qq3309 0.35947
9 1.5620'-03 ?.7S?9"i00 1.13511 0.96203 0.45160 0.ba666 t.qasso 0.36441
t0 k.7780"-03 2.9344'+fl0 1.13412 0,96432 Q.46012 0.63615 1.Q3108 0.377044
13 2.26601-03 2.99W+"00 1.13154 0.96764 0.415q36 0.615317 1.88321 0.39245
12 .i.7940"-03 3.1336"+00 1.129?9 0.96937 0.I8890i7 0.66701 1.867410 0,00562
IS 3.3020*-03 1.2806"+00 1.12737 0.97005 0.5034a O.U8

44b0 3.g278 0.4197B
18 3.8100"-03 3.144hb6~flD 1.12505 0.97086 0~st667 U.69513 1.79621 0.4355
Is 4.3180"-03 3.b2?9'400 1.12267 0.97161 9.53434 0.70970 1.764t1 0.45165
16 '4.8260"-03 1.8180"+00 1.13989 0.97?93 0.55117 0.7249h 1.71006 0.436928
17 5.3340'-03 '4.01%2"+406 1.11717 0.9741s 0.567514 0.73444 1.697Q1 0.48665
18 5.8420"-03 4.p%33't00 3.11419 0.97540 0.5A657 0.7%553 1.65905 0.50740
19 b.3500'-03 4.4950"+00 1.11095 0.97693 0.60OSSS 0.77147 1.62341 0.52804
20 b.a560'-Ol3 4.743Z"100 1.10771 0,Q7522 0.62426 U.78643 1.56106 0.50890
241 1.3660'-03 S.0470'+00 1.101300 0.94162 0.64e,80 0.80428 1.50835S 0.57354
22 7.87140'-03 S.347"0#09 1.00970 0.98329 0.bh758 0.82008 1..509211 U.59f54
23 4.3820"-03 5.6%90",00 1.0953'? 0.98585 0.68877 0.83573 1.472?6 0.62179
24 8.8900*-03 s.9917e0O0 1.00109 0.94747 0.71073 'n.85089 1.43337 0.64770
a5 9.1480"-03 6.3645"Aul 1.09865 0.99017 0.734412 0.856127 1.39300 0.007e

*26 9.9060'-03 6.7365'*f0 1.061255 0.99274 0.Mllli 0.8s2019 1.3s603 U.70419
2? 1.0410'-02 7.08?114no 1.07798 0.99464 0.77823 0.89495 1.31247 8.7295V
28 1.0922'-02 7.5164"fo0 1.07315 0.99b51 0.80352 0.90W6 1.28410 8.7flI54
29 1.1430'-02 7.q278"e00 3.06832 0.g9860 0.82675 0.92307 1.24060 8.79106
30 1.3938'-01 6.37S51+0l0 1.06355 1.00071 0.85130 0.93647 1.23012 8.82303

*31 1.244b'-fl2 6.7626*#00 1.058'45 3.00178 0.87197 0.qo4b" 1.17947 0.60962
32 1.29541-IR 9.1130"nol 1.05309 1.00368 0.890?5 U.95643 1.15416 0.87260
33 1.1462"-Oz 9.S334"+00 1.04773 1.00477 0.91171 0.96660 1.1240A 0.90099
34 Wo .9"-O2 9.AG73"+00 1.014237 X.00553 0.92939 0.97462 1.09971 0.92380
35 1.4473",,02 1.0217*+01 1.03701 1.00535 0.94556 0.96122 1 .07tiab 0.94492
36 1.49S6*-02 1.05841+34 1.03164l 1.00301 0.9s942 ().98660 1.131700 0.96232
37 1.5494"-0? I.M0071': 1.02575 1.00408 0.96965 4.qn0141 1.04329 0.97177
36 1.60021-02 1.09S9*'l'0 1.01933 1.00337 0.96097 0.99447 1.02772 8.90635
39 1.b510"-Oi 1.1142"+O1 1.01280 1.00222 0.90949 0.9q73k, 1,0135% 0.99889
80 1.7018'-0? 1.1260"01l 1.00642 1.00142 U.9q444 0.9986A3 1.00778 0.99746

D 41 1.7526'-02 1.1369"401 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
812 1.8013"-02 1.14430+91 0,9q325 0.99965 1.0033? 1.00117 0.49936 0.99879
0A3 35494P-02 1.1493"40l 0.98010 0.99884 1.00568 1.00152 0.99171 0.99503

44 1"9510 I.!IF!%i1 0989 .960 1.01 1.00225 0.93d33 0.99974
45 .9sle"-02 3.I1645.40 0.97150 0199870 1.00865 1.00391 0.98698 0.97495

46 2.006b"-02 3.i844"401 0.93639S 0.99801 1.02137 1.00372 O089737 0.98930
43 2.54"0 1.0234*O 1.00807 0.991 .l .O3 oqd688 0.9#0413

4 .O 02 169"l 0.949S0 O.99906 1.02469 1.00456 0.96839 0.93763
595 t~p0 ~~4*O .45 .96 1.01759 1.00523 0.98609 0.96415
SO 2.Z146'-02 1.1764*#01 0.96197 0.99841 1.03033 3.03086 0.97621 0.92603

*l 57 2.$454-02 1.2103'01f 0.92447 1.99001 1.03905 1.003 39 0.97961 0.95038
S 82.66'0 1.21840"e0 0.966390 0.99845 1.021%S 1.01223 0.97179 0.91496

59 2.4130"-02 1:219t5 01 .90.309 0.99906 1.03249 1.01350 0.956624 0,90765

60 2.1176'-02 1.2266"0f1 0.8679V 1.00113 1.04037 1.01501 0.qslas 0.902vi4

INPUT VARIABLES V,UTI%
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SECTION D, ADDITIONAL DATA, TABLE 1, RAW PRE'.7TON TUBE DATA

FACSIMILE FROM SOURCE PAPER. NB - AUTHORS SYMBOLS AND UNITS.
Run TwI°R P /Po P/Po P pia ,psf CAT 7101

W o ___0_ RUN SERIAL

06200 523 .01253 .03877 38.6711 .64902 0101
o6250 522 .01252 .04023 48.342 .78759 0201
06300 521 .01250 .04165 58.011 .92721 0301

08200 523 .01245 .03954 38.674 .66722 0102
08250 522 .01239 .04074 48.342 .80412 0202
08300 521 .01238 .04224 58.011 .94751 0302

10200 523 .01257 .03899 38.674 .65237 0103
10250 522 01254 .04058 48.342 .79518 0201
10300 521 .01253 .04191. 58.011 .92982 0303

117203 523 .02253 .o5488 38.674 .70073 0104

117253 522 .02253 .05759 48.342 .86879 0204

117303 521 .02247 .05987 58.011 1.03496 0304

118203 523 .02540 .x6162 38.674 .75468 0105
118253 522 .02546 .06422 48.342 .92550 0205
118303 521 .02554 .06708 58.o11 1.10573 0305

119205 523 .02847 .06888 38,674 .81120 0106
119253 522 .02856 .07233 48.342 1.00475 0206

119303 521 .02869 .07578 58.011 1.20397 0306

120201 523 .03190 .07755 38.604 .88108 007
120250 522 .03207 .08195 48.3112 1.09889 0207
120300 521 .03228 .08567 58,011 1.3 10077 0307

121201 523 .03530 .08970 38.674 1.0=66 0108
121251 522 .03543 .09501 48.342 1.25435 0208
121301 5231 .03564 .loo44 58.011 1.51514 0308

Preston tube di'smeter: 3.18 m.
Preston tube pressure reading: p&

Wall shear Tw from Yanta, Brott and Lee (1969)
NOTE: Reservoir conditions are not identical with those of the profile runs.
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SECTION 0. ADDITIONAL DATA, TABLE 2. REDUCED HOT-WfRE OBSERVATIONS

FACSIMILE FROM TABLES SUPPLIED.BY AUTHORS. NB. AUTHORS SYMBOLS AND UNITS.

TAIIUI.Ai1, Frl, C'UJATi,'O DA1A

7101 0202 "* ±

STA 08250 dp/dx = A -. re _..,

y/ • u A(it) A~t

u U.7 T'• UT re-T a

.044 .0466 .679 .0662 .0159 .0367 - .09.2

.09 .0520 .830 .1023 .023.5 .0502 .171 -. 92

.200 .0303 .705 .0922 .0243 .0543 .002 -. "'.

.322 .0304 .599 .0891 .0241 .0500 -. 1.43 -.o'"

.423 .0231 .477 .0852 .0214 .0620 -. 343 -

.534 .0204 .441. .0822 .021.2 .06n2 - .320 -. ,j

.6115 .0122 .274 .0694 .0165 .0G3 - ,5ýt! - . 611

.755 .0092 .213 .0551 .0131 O0US7 - .4 •.,

.868 .0042 .096 .0324 .0077 .0235 6.83 -

.97? .0027 .064 .0194 .0049 .'178 - .946 ;

1.090 .0012 .028 .0123 .0035 .0113 -.0:

1.201 .0016 .039 .0101 .0030 '0089 ...492 _.C.r

6 22.8 w

7101 0206
1 T re 1"' AT

sTA 119250A T

1. 36

AU Au 6 Tt

.0.51 .072 1.234 .11.4 .0237 .0387 .05). -. b6;

.102 .073 1.369 .125 .0255 .0490 .053 - ,vr

.204 .074 1.533 .140 .0305 .0099 .125 -. 920

.306 .061 1.389 .133 .0305 .0774 -. 016 .6'

.400 .04, 1.139 .125 .0356 ,oase -. 315 .-,'.

.510 .039 1.039 .119 .0359 .0863 -.2U9 -.. 611

.611 .029 .624 .112 .0319 .0913 -. 179 -. 8.0

.739 .016 .467 .050 .0252 .0694 - .554 - .P0O.'

.841 .001 .243 .048 .0184 .0437 -. SC.0 .-. 6Lj

.11% .002 .059 .019 .0v42 .0199 -1.,22 -. 21'1:

1.04 .002 .00 .00l .0054 .0099 -. 480 -.302

1.121 .003 .091 .01.2 .0043 .0112 -.2v/ .-72)

T sa wire to•v.y tomperatwe at *do of bocwdar$-laytr

T static teprature at edge of boundsu7-lAyer
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axisymmetric M 4 (ZPG-Series 01)
4 falling to 2 (02) 7102

- followed by recovery
4 (03) recovery after

step-induced separation ZPG - APG

R THETA X 10.3 : 10 - 60 Recovery
TW / TR : 1.0 AW

Blow-down wind-tunnel with 12 seconds running time. W -H - 1.5 m.
P0: 1.16 MtN/m2 . TO : 298 K. Air: absolute humidity 2 x 10" RE/m X 10" : 50 at M - 4.

PEAKE D.J., BRAKMAIIN G. and ROMESKIE J,M., 1971. Comparisons between some high Reynolds number turbulent

boundary layer experiments at Mach 4 and various recent calculation procedures. AGARD-CP-93-71 paper 11.

And Peake D.J., private communications.

1 The test boundary layer was formed on the inner surface of a cylinder (0 - 0.229, L - 0,838 b) mounted on

the centre-line of the wind tunrul. The uxterlor of the leading edge (X w 0) was chamfered at 140 (E).

A retractable centre body could be placed so as to cause a streamwise pressure gradient, Three cases were

studied:

Series 01: Centre-body retracted, ZPG

Series 0?: Centrebody forw.ard. APG followed by recovery as tabulated in sections B and D.

Series 03: Centrebody retracted and a ring of rectangular cross section (height 3.8 and

length 12.3 me) mounted at X u 0,254 m , giving a test boundary layer recovering

in nearly constant pressure from the disturbance of flowing up and down a step

("RPG-").

Traversing probes could be inserted at six X stations such that In the APG case, one was just before the

start of the pressure gradient, two during it and three In the constant pressure recovery region which

followed, In the RPG case the lest survey station was after a second disturbance caused by the shock

struiture of the ring, transmitted across the duct. The test duct was not actively cooled, but received
some preliminary cooling due to "Canadian winter air reaching the model from the exhausterea". Measurements
indicated that the surface temperature resulting was close to the recovery temperature. The surface rough-

ness was close to 0.25 um rms,, with waviness less than 2 x 104 m/m.

2 Mach number variation In the ZPG case was less than 0.02. The authors calculate, on the beo.s of acoustic

measurements, that turbulent velocity fluctuations are probably less then 0.1 •. No trips were used and

3 Preston tube readings (Section 0) showed that natural transition occured between X m 50 and 165 mm. The
Vlow was therefore fully turbulent before being perturbed in the RPG caste. Oil dot flow visualisation

5 confirmed these conclusions. Incidence and yaw of the modal were less than 10' wind off. The maximum
eccentricity of the cantrebody was within ! 0.013 amm. Circumferential Mach number variations were less

than 0.03 as determined from static pressure surveys at X - 299 and 552 mam. Oil dot streak-lines showed

no perceptible convergence and boundary layer yaw measurements at X • 422 and 804 mm showed a maximum yaw

very close to the well of order 10 relative to a generator and 1.50 relative to the free stream.

6 Seventy static holes of 1.016 me diameter were drilled normil to the surface from X - 6.3 to 831.0 m at

12.7 m intervals. At two stations (X - 299, 552 me) three additional holes gave a check on two-dimension-
ality. An iror-constantan thermocouple bead was attached to a thin plate mounted in the duct surface at

K - 426 w, and this thin plate achieved an equilibrium temperature during the run. Small Preston tubes

(d1 a 0,406, d2 - 0,203, 1 • 5,54 m) could be mounted In each static hole and ton Preston tube readings

were collected in any one run. Four calibration relationships were used to qive the results presented
in section 0.

7 A single combined Pitot, yaw and equilibrium temperature probe was employed. The unshielded thermocouple

did not function. The face normal to the flow was 0.305 m high (hi) and 0.71 m (b1$ wide, the opening
being 0.127 (• h2 ) by 0.08 - (b2 ) and the lower lip 0.10? me thick. The two aide tubes were chamfered

at 450 and a servo-mechanism kept the probe aligned with the local flow direction, In section the top
B surface was inclined at 7.50 to the axis. The six ports for the probe allowed traverses at X - 298, 422,
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523, 574, 676 and 803 mm. Static pressure holes were 9.4 mmn ahead of and 3.3 mm behind each traverse normal.
The face of a Preston tube lay 5.5 mm ahead of the static hole in which the tube was mounted.

9 The authors have interpolated static pressure data to the X values of the Preston tube tips as presented
in section D, and to those of the normals for the velocity profiles presented in sections B and C. The
Crocco/Van Driest parabolic temperature-velocity distribution was assumed, as was constant static pressure

10 through the boundary layer. The Pitot data have been adjusted for the effects of shear and wall proximity
by applying an outward displacement & of the effective probe centre given by a /h - 0.24 - 0.04 ((h/y) - 0,5),
in which h is the overall height of the probe face and y is the height of the geometric centre, Static
hole errors were assessed using a curve-fit to the hole size corrections of Franklin 6 Wallace (1970).

11 Sutherland's viscosity law was assumed.

12 The CF values presented with the profiles in sections B and C are interpolated from the measured values of
section D, the editors having arbitrarily chosen those reduced with the calibration of Hopkins & Keener

13 (TR method), 1966, The data are presented with the author's recovery factor of 0.89. The three sequences
14 of profiles are distinguished by their different pressure histories. The very full static pressure and

Preston tube data obtained by the authors is presented in facsimile in section D.

* § DATA: 7102 0101-0306. PT2 profiles. NX - 6. CF from Preston tubes.

15 Editors' comments
The axi-symmetric configuration eliminates end-effects, and 6 /RZ at 1- 0.05 is small enough for there
to be negligible distortion by axi-.%aymetry. The three sequences presented Include the ZPG case. and ZVG
regions in which the boundary layer recovers from a strong APG and from the severe disturbance of flcvitng
over a rectangular fence.

The presuure gradient of series 02 Is imposed as a reflected wave, so thet in most of the test boundary
layer there should be very little normal pressure gradient. However, profiles 01 and 03 are taken at
stations which coincide with the start and finish of the lonmitudinal wall-pressure gradient. Consequently
they are taken in regions traversed by simple waves, with the associated normal pressure gradients, The
authors present data for profiles 02 (where there should be no significant dp/.Sy) and for 03, asswminq
a linear static pressure variation through the boundary layer given by

6p/dy v - cot P Wp/Ax

where u Is the Mach dngle at the boundary layer edge. This assumes a wave 3tructure correspionding to that
generated by a curved wall (as for Sturek A Oanberq CAT 7101), with the Isobars extrapolated Into the
boundary layer, A more detailed study of the wave structure suggests that the appropriate relationships

are, while still assuming that the Isobars may be eaxtrapolated,
0201 : 6p/dy - 1/2 cot u. ap/6x (at wall, downstream)

0203 : ap/ly - - 1/2 cot W. dp/6x (at wall, upstream).
The author's calculations for 0203 therefore show the effect of a normal pressure gradient of double the
probable malnitude, and, for this station, of the correct sign, The most obvious change in the calculated
integral values is a 5 % increase in the momentum thickness. It seems probable that there Is a printer's

error in the calculated 00 % increase in THETA reported for 0202, since It Is not reflected in the
associated R THETA and shape factor values, Thest calculations should be regarded as a numerical experiment
suggesting the maqnitude of possible normal pressure qgrdient effects,

The wall tmerature is stated to be Owasured by a thermocouple attached to a thin plate mounted in the
model surface, Temperatures measured there are stated to reach equilibrium tempereture, as might be
expected. The editors feel, howevers that this does not guarantee that the bulk temperature of the model
had dropped to the recovery temperature.

Direct comparisons for the ZPG and APO date may be made with Lewis at al. - CAT 7201. The most appropriate

planar ZPG comparisons are with Hastings A Sawyer - CAT 7006, and Nalby at al. - CAT 7402. Comparable planar
APG cases are those of Zwarts - CAT 7007 and Thomas - CAT 7401. There are no strictly comparable recovery
cases except possibly o•ore - CAT 6805 who studied a planer flow which hod mounted a step.
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CAT 710,d PEAKE BIOUNDARY CONDITIONS ANU EVALUATED DATA. 51 wNITs.

RUN MD * TW/TA.. RED20 CF H12 H12K 12W PD*
X POO0 PVýIPD* REVZO Co H32 H-32K TM ID*
AL TODOy *0 D2 p12 H~42 D2K UD IN

7102uobo 3.9,15b I.nooo 3.to79'+03 1.1482"-03 7.8621 1.5237 8.4668"+V3 8.4608"-01

2.q1:4,5.0Ol 1lb3~.+6 n.000 .0221:#041 N14 .811`7 1:,7776. 2.1341>1102 7.3o56".01
sl -1'1501 2.')U2:3",o':00000 l.:972l"-04 NiC 01.1517 3.,677?-' 6.7273"+02 2.7345'102

7102010? 3.90s1 1.0000 21.6275"+0l3 1.0782"-03 7.66111 1.~4409 8.6667"+03 li..66703
4.22IS"-01 1.l%8b"*06 1.0000 1.510b"+04 Nm i.b288 1.7870 2.7122"t0? 7.3556P+01
-1.1'J45*-0 2.979D"IO02 0.0000 F8916"-04 NiC 0.1531 5.38W9-04) o.7151"+OZ 2.7322*402

710201VA 3.9006 1.0000 S.bO3O*+13 1.0400-03 7.5b14 1.3991 0.7S63"+03 8.75b3"*03
5.23710'-01 1.1635"#06 1.0000 I.A255*+04 NM 1.8300 1.11022 2.7358"+02 7.3770"+01

-1.2M'65*-0 2.95251*02 0.0000 3.147012"04 NC 0.1520 6.3248"-Ydl b.7174*I02 2.7358"+02

710201012 3.
9
0fib 1.0000 b,?326"+03 1.0300"-03 7.5626 1.3776 b.7081"+03 8.7041"403

S.7455"-01 I.1633"406 1.0000 2.n4QQ*+04 Nm 1.8265 1.11019 2.7356"+02 7.3667"401
-1.14451-01 2.9829"#02 0.'l000 3.90170-0L4 Ne 0.1518 7.2135*-o'I b.7193"+02 2.7358"*02

710201o0 3.9212 1.0000 7.1674"+03 1.0200-0.3 7.6709 1.198S 8.b2190+03 11.112190+03
6.7615"-0l t.1642*406 1.O080 ?.596'+04 Nm 1.4221 1.7902 2.736R"402 1.3?292401
-01,144"-01 2.9839"#O02 0.0100) A2.S40N8-04 NC 0.M57 8.145521-04 6.727Q"+02 2.73o2"i02

7102u010 3.11016 1.0)000 7..75088403 1.024160-9S 7.6187 1.3091 8.7563"+03 O.?Sb3*403
8.0315'-01 1.lbhi"40 1.0000 2.52864+04 Nm 1.8164 1.7859 2.73b9"+02 7.37181401
.1450 2.941q'0f2 0.0000 I.6167"-0'4 tic 0.1508 9.05W8-04 6.7192"+ua2 .7369*+o02

7102ullut 3.92S6 1.0000 3.120026sO 1.I000*-3 7.9374 1.Ms3 6.4874"403 8PIB?
0
4*03

2.9515"-01 1.1664"+06 1.0000 0.147SO"+03 NM 1.W02 1.7682 2.734V+402 7.3056"i0I
-.11"-l 2.9b220+02 0.000u 1.9007-04 NC. 0.1511 3.5911"-04 6.7273*+02 2.71115*+02

I1020202 2.9013 1.0000 1.00851+"04 1.3764'-03 5.1u18 0.561b 3.7032"+04 3.1032~*04
'I.221s*-o1 1.1723*106 1.0000 ?.2317"4011 4W 1.7881 1.7565 e.78011+02 1.112a*+02

-1.12245"-01 ?.q860"402 0.0000 2.47SQ"-0'I NC 0.102 3.6147"-U41 6.13b3"+02 2.7801m+02

7100?001 201,52 1.1000) 2.5700+t04 1.21244*.03 3.1!b02 1.4928 1.3270"+05 I.12100tu5

0.t014501O 2.q83i2'e02 0.0000 2.9961*.04 NC 0.0913 3.8053"-ujA S.20~5*4')2 2.bl14"402

07100200' 2.00f)" 1.n000 3.5972"+f)4 1ý21- 2.9932 1.3862 1.119171+05 I.&I07mtus
5.71I55-Ol .14675.406b 1,0000 S.6197"+04 NP 1.6311,14 2.825ie 2.8380"902 1.6518"4U2
-1.14145'-01 2.99413"02 0.100t)0 10439"-04 NC 11.0801 4.76014"-04 5.21635*+02 2.836Ll'+U2

720a2020% 1.988,1 1,0000 3.01116*404 1.5782"-01 2.4066b 1.3808 1.5193^+05 1.5193"405
6.7615"-01 I.2b71"+0O 1.000V 6.fl887"+04 NM 1.63Q5 1,8?67 2.8354"+02 1.obbl",O02

*I.14115'-01 2.45033#02 0.11000 11.?502*1')4 lic 0.0100 5.1044*-"'. 5.14S4"+02 2.83W#1"02

71D2u2ub 2.0120 1.0000 3.64416"4.04 1.'4364).03 2.9b'l 1.A733 1.1163h"e05 1.463b045

8.0315'"-0l 1.1)06S4'06 1.0000 1.7180+04 NO' l.b~sb 1.4337 1.8370"+02 1.*0219*f02

2.9%-lS*-02 S.3205o'*)5 1.?."000)'2 m 1 000 .7896 ?.7391"+1u2 7.7056*401
-1,1405".01 P.9824",')? .0.000 S.MA3"-04 tic 0,14173 5.538d'-04l b.6410"*02 2.1391"402

710201112 S.6210 t.0000 7.3b155i03 1.010C'"'.0 0.9boQ 1.4134b 9.I196"+03 9.1970"4u3
11.22l)N~-01 M.1202"*M5 1.0000 ?i8+4 N04 2.1660 1.155 2.740N+~02 8.230-'+01l

Z114"0 .98114'402 0.0000 IJ.9?07~')4 Or 0.14101 9.25411-o4 u.5698"*02 2.74b?7+02

71023001 3.11080 1.0000 8.%712',I3 1.10-l 6.7 1.3804 9..1301*03 9.3631*+v3
5.2375"-0l 8.1170"05l 1.000o ?.110Q1"+04 - P 1.6117 1 .74.10 4 ?.7 45 9" +0 2 8.2778"0+0

*l.111o50-0l 2.46?-7*402 0.0000 5.71417"-014 NC 0.143S 1.0117,-03 U.Solo.02u ý?Lls%9*OŽ

710?03uoo 1.6190 1.10000 Q.1030"tl3 1.0200f"-03 b.722)1,5605 4 .2252".03 4.2?b2",03

5.7d155*-01 A.3915"nl5 1.0000 ?.652 1fl 1J .6143 1.794ei d.146%"402 8.2111111',0

11.11"jq.-oI 5.s241"405 1.10000 2.112.3l0iiU NIM 1.847% 1.8086 1.7470-41)? b.d~bh'Vl
-1.00401-0I 209805,02 0.000') '1.e51's*-04 lic1. 147i!9. 33.l " U 1O.10 4'11+2 a.'1o10*42

1102096. 3.21903 1.00001 .282b0+04 1.0OAOA-03 S.53"I 1.3663 l.61171'+Vi 1.o7l't04
B.03150-01 P.1149"46% 1.0000 3.1597'+04 tim 1.8179 4448 .1620"'+02 4.11444-401

-l.1414s*-01 2.OSI2"402 O.A000 i.6sI8"-04 tic 0.1317 Q.sslb"-04 b.31161"HJ2 2.7had*+02
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1l020201 PAEPROFILE TAHULATIO'I S9 POINTS, ')ELTA AT P~LANT 54

I y P121P POPD TUO/VD 10/1,1 U/01) 1/Hr R/I1RHOU*1.J/UI

I V.0I100"*0o j,O0')0+Ou JIM 0.91C)41 U.OUOO') G.nnlV) 3. 7'q9q U. 0000b
2 e.2AW-04 2.5911'"i0o rim U.q~jbO 0.u1( U.514H65 2.1',41Sc v u.11016

3 3.4290"-O'4 3.331'4"00 Jim 0.941339 U . 37W2 1i. 6 1M36 .7.69zq1 U.22?963

5 4.74'lR"-Ol 4 4.P lb5 "0 0 Il' 0.95925 0.'46524 0 .715 7 2.!3167o U. 30631
6 5.59880'-0' 5,3097"+00 IX 0.96entl 0.14927s lj.13mq17 2..?'t16 u.32876
7 0.42(62.ULI 5.9145"+U00 rl 0.96530 Q.5s..'94 (J. 7714'4 4.1~r U.39762

8 .0104*-04 6.IqQ5)i.00 W
1
' 0.96674 0.*516501 (P.775MA 2.9,09t)I u.3710~6

9 1.823W-04 6.56818+.l Jim 0.969999 0.5%440 9.7h99d e.iN1043 u.38907
to 8.4074-0J4 6.43;.4.+(00 lim 0.97011 0.379fl9 0.1iI392R I.47Iso 0.40539

12 '4.9114".04 7.,9039"0O0 tIM 0.97260 0.59490 0.61979 lw~~qdq U.01~71
13 1.01449-03 7.61106"#Oo Ni'l 0.97304 0.59950 (1.822198 I.AA452 0.43671
14 1.1326"-03 7.7444"+00 IN 0.973sb 0.130504 0.812678 1.b6733 0.4427b
Is 1.20400-03 6.osa2OU 101 0.97467 0.6tiva~ 0.834976 l.duP9F 0.145594
1b. k.aAW2-03 9.9ILA7*+0O 1144 0.97609 0.63249 0.81,101 1. 70,439 0 . 473144

1 7 1.3SWQ-03 8.77674+00 lip 0.97715 0.64671 0.85379 1.74295 0.48985
18 1.14021*-03 9*0AM+f)0 rim 0.97027 O.hS7253 0.01,1019 1.712114 0.5021Y
195 .48W4-03 q9.7Q6*+00 14M 0.97966 U0.6360 10.bf,979 1.60735 0.52166
20 I.S416*-ol 9.9998"+oo Jim 0.95109 0.69099 O.O7lq% l.b2o3,> 0.54264I
21 1.b25.-03 t.oshto+(0I IPA 0.96284 0.71Z118 O.81.14 1.5630-1 0.57026
22 1.6991a"-03 1.I0%9"t401 11M 0.984117 0.73039 9.901,29 1.59'436 0.95
23 1.7?S?6"-03 1.15A,7"i01 Nm 0.9A5945 0.797/?3 0.90619 1.477?0 0.61521
14 1.8237"-03 1.2038*+01 rim 0.98955 0.76344 0.9969'9 1.4111.11 0.63696
is 1.5521"-03 I.P657"+111 fit, 0.987`18 0.78363 0.92579 11.14421: 0.66365
ab I.9639*-03 1.3047"M9 ilm 0.988112 4.746n8 i0.934069 1.31,671 0.6609'i
a? 2.03'dS*-03 i.3363"M~ UP 0.98947 U.8060'3 0.034A9 1.30529 0.69494
26 2.04030-03 l.16993"t01 9iil 0.940011 0.81476 (J.931149 1.3?(681 U.10733
19 k.l61s~l'-0 1.381S$101 rim 0,99095 0.62117 0.941109 1.31341 0.71651
so 2.22001-03 1.0006'4n1 NP 0.q49075 0.82592 U.94299 1.311390 0.72338
I1 2.2768"-0% 2.4046,01 fNm 0.9`11019 0,82819 U.941139 1.2q949 u.72666
32 2!.33b8*..3 1.41641.101 fNM 0.9q004 0.53072 0.941*169 2.M976 0.11035
Is &1.5019'-03 1.4650,401 lit, 0.992011 0.64626 0.19040g I .lblsk 0.75$33
34 2.63I4*-03 1.426'9"+01 riM U.M0o 0.86348 V.95730 1.122911 0.17864
35 1.7711"-03 t.554S'tfl1 Up 0.99398 0.84020 0.963304 1.297SZ 0.80441
36 id.6981"-03 1.6409"M rim 0.99490 0*599989 U.96900 1.26132 (1.630t0
3? $.0404'-03 .70 t I* to1 1M 0.99570 0.91319 U.97440 1.1lb56 0.85581
365 1.1572'-03 t.7566"t?0l 14M 0.99659 0.92886 1..974140 1.11178 0.88093
39 'J.2960"-03 I.AM43fsl rim 0.99728 0.94247 0.91,564 1,098191 O.g0307
40 1.4366".03 1.453.1"M rim 0.99786 0.9s414 1).91,1710 1.07(77l 0.92,elk9
Qi 3.S5351-03 1.0015"+Oi UP 0:9qB97 0.96663 U.940$o 1.051.1 0.94341

43 J.6354"-03 1.0561'*0l hpM 0.99913 0.91109s U.'14480 1.02843 U.96729
44 1.9751"-0U 9.97'140+ot N4M 0.94995 0.98564 o.,996l0 1.02134 O.Y7529
45s 4.11480-03 1.96866',l N~m 0,C9999 0.98926 0.94119 9.01588d 0.98151
46 4.2570"-03 l.Q'9A7*+I9 fill 0.99963 0.991114 u.997M0 1.0120b 0.98s9z
47 4.364011-03 2.001,8"11,01 141, 0.9997% 0.9111442 U.99850 1.00622 0.99036
418 4.5237"-03 2.0132"+01 tlI. u.999AD 0.49553 0.4106110 1.00656 0.99220
'99 4.o%331-03 2.0162*401 Jim 0.999013 o.qqp?7 0.111,400 1.00%48 0.Q99356
50 4.7930'-03 2.0246"+01 NM 0.910985 0.94739 0.99930 1.1103111 U.99546
51 d&.922s"-03 2.02060+01 NM 0.404988 0.99719 0.9093o 1.11fl386 91.995948



7102- C.2

710202e0. PEAI(C PROFILE TABULATION 60 POINTS.. DELTA AT POINT 60

I y P72/P P/PD TO/TOO M/PIC U/Ut T/Y0 RHO/RHOV*U/UD

1 0.0000**00 l.0000"*00 NM 0.93099 0.00000 0.011000 2.49832 0.00000
2 2.2R.0W-04 2.0674"+00 NM 0.95060 0.3703i 0.53310 2.117251 0.2S722
3 3.3020"-04 2.80114"+Do NM 0.95844 0.4%728 0.63010 I.Q0232 0.33154
4 4.a.7,T-09 3.20?"+0 NIM 0.96193 0.4954S U.bi,9hO 1.82653 0.36660
5 5.1054--O04 3.51013*+10 NM 0.961476 0.52649 0.bqq5o 1.76519 0.39621
6 b.94J36--04I 3.7807"+00 NW 0.966gq 0.sso18 0.21230 1.718Th 0.41966
7 6.7a18"-04 4.02w+e00 tip 0.96866 0.57014 0.73900 1.(68006 0.43967
a 7.5946"-011 4.2344'+00 riM 0.9701 0.s8678 0.75M3 1.64808 0.95708
9 8.4074"-04 4.440s4*00 NP 0.97157 0.60295 0.76680 2.61734 0.41411

10 Y.i!202'-04 4.63210+00 NM 0.97284 0.617S9 0.76870 1.58978 0.49692
11 2.0MSO'-03 4.77%1I4-00 Nm 0,9737S 0.62829 0.78720 1.56984 0.50145
12 1.087011S0 £4.quhl*7"00 NM 0.97483 0.64047 0.74700 1.54957 0.52533
13 1.1654"~-03 S.1222*+00 NM 0.97569 0.653119 0.8n660 1.52351 0.52944
29 12497*.03 5.3151"+00 rim 0.97702 0.6670? 0.81670 2.99899 0.544185
Is 1.3206*-03 5.44920*+0 Nm 0.91774 0.07585 u.82310 1.40322 0.554994
16 l.42'49.-01 S.b333'tOO NM 0.97881 0.bg886 o.83240 1.46015 0.57008
17 1,5088"-03 5.9b666"00 NM 0.98058 0.710q6 0.84770 2.92163 0.59629
18 1.5773'-03 6.2362 .+00 NM 0.9819s 0.72433 Q.85910 1.3919? 0.61733
19 1.6713"-03 6.5140.0t0 N" 0.98332 u.74bi1 0.870110 1.36216 o.63926
20 1.7526"-05 6.A159"#00 NM 0.98970 0.76433 0.88220 1.33U21 0.66221
21 1.83W9-03 7.13n7"+0Il NM 0.98620 0.73W 0.84360 1.30188 0.68639
22 1.927q"-03 7.q249,+00 NM 0.98736 0.80060 0.90850 1.27441 0.70929
23 2.0117"-03 7.82060+00 NM 0.96884 0.82294 0.91640 1.29085 0.73900
2(4 2.0803"-03 5.1345".00 NM 0.94015 0.89090 0.92590 1.21382 0.76280
25 2.1742'-03 6.dl1051+00 NM 0.99120 0.85594 0.93410 2.19097 0.?8932
26 2.349S"-03 8.46415"+00 4M 0.9Q313 0.86516 0.94890 1.14922 0.82S69
V7 2.5146"-03 9.4443'03.0 NM 0.99967 0.909'J1 0.96060 1.11S74 0.86095
28 2.6599"-03 0.113S31400 NM 0.99589 0.92927 0.96980 1.06913 U.89091
29 2.86%l'-03 1.0193 .+Dl NM 0.99696 0.99602 0.97770 1.06606 0.91710
30 S.02771-03 1.0959q*401 tiM 0.99771 0.95977 0.8U .96 .93681
31 3.20?9"-03 1.0571.0l rim 0.99503 0.96514 0.986sb 1.09280 0.94511
32 S.3650"-03 1.0749"0+0 NM 0.99863 0.97556 0.49000 1.02982 U.96139
3 3 3.5077"-03 1.0917%402 NM 0.99897 0.98157 0.99250 2.00239 0.97076
34 1.68301-03 1.11979"+01 NM o.94913 0.98448 ý.99370 1.01882 0.97S34
35 3.8359*-03 1.102S1+01 NM 0090926 0.98667 0.9946~0 2.02629l 0.97880
3b 4.0107"-03 1.10721+01 NM 0.9993M 0,98887 0.99550 1.01345 0.98.426
37 4,173?"-03 tlI0A88*+01 NM 0.9094? 0.98960 0.99580 1.01256 0.98395
38 4.340S"-03 l.21201+01 NM 0.999so 0.99108 0.99600 1.01077 O.-78S78

*39 9.5136*-03 1.1116b+01 Nim O~g995 0.90182 0.q9970 1.00487 0.9669ts
90 9.67ul*-03 1.11i51.01 NM 0.90959 0.99256 0.94700 1.110890 0.98813
91 4.8SWl903 t.2l51"+0l NiM 0.99954 0.99256 0.99700 1.00898 0.98823
42 S.0165*-03 t.1251"+02 NM 0.9995n U.992%6 O.9Q7010 2.00698 0.98813
43 5.1741"-03 l.2162"+02 NIM 0.99961 0.99305 0.90720 1.00835 0.911891

99 5.3442"-03 1.1I62*+0l NH 0.99961 0.9q305 0.9972U 2.0083B 0.98891
9S U.SCUT"-03 1.1118"+01 NNM 0.99966 0.99379 0.99750 1.00148 0.99009

*46 5.tk820*..03 t1.27601to NM 0.9q996 0.99379 0.99750 1.1079 9.900
47 5.6471"-03 I.11q9,02l Nki 0.99970 0.y9953 0.99780 1.(10659 0.941a7
98 b.0096"-03 1.I994*+01 NM 0.99970 0.99951 U.99740 2.o0069 019922V
99 6.16201-03 I.1210".01 11M 0.99974 0.99527 0.99820 2.00S69 0.99245
50 6.3246'-01 1.1210"+0 Nu 0.99974 U.99527 0.90810 1.00561) V.,)9245
SI 6.51W-603 1.1226f*01 NM 0.99978 0.991602 C,99040 J.(10479 0.99364
52 6,6650'-03 I.2?6P+0 NM .9978 0.99602 0.94890 1.00479 0.99369
53 6.8402"-03 1.1220#010 NM 0.94978) 0.99602 0.9q640 1.1)01179 Q1.99364
59I 7.0255*-03 t.t2420#01 NM 0.99982 0966 0."9870 l.0fl09 o.9)9483
55 ?.1600'-03 12S2'31+01 Nf) 0.99986 0.99751 0.99900 1.00360 0.9960a
16 7.3309*-Os 1.t269q*01 NM 0.99989 0.99800 0.99020 2.00i90 0.90662
SY 7.4828".01 l.12694,01 111M 0.999A0 0.99800 0.90920 1.001iflo 0.9's081
S8 1.6706"-03 1.l2A01+01 NM 0.9q992 0.998s2 0.99990 1.1)0180 0.99761
59 7.8232*-03 1.l296b"M fjtA 0.99996 0.99925 v.49970 1.00090 0.99860

a 60 7.9658"-03 I.13t2of0l NM' 1.00000 2.00000 2.00000 1.10000O 1.00000

INPUT VAWIAdLL3 Y, '.1/Ut ASSUME POPO ANID VAN DRIEST



7102-C'-3

710240O3 PEAI(E PROI4CLE TABULATION '43 POINTSo, DELTA At POINT7 43

I y PTP/P P/PD TOj/Tn 0, 4/HO u / U D V/I' 'HO/RHOL).L/UU

I u.oooo*+oo I.0una"+0o tam 0.94910 0.00000 0 .(10(04)0 1.76655 0.00OOO
2 4.2!0W-l04 I.5414*"+fl fik, 0.96b1I 0.47039 0.578110 1.S1037 u. 38.! 7S
3 3. 1 ?WO-0'4 2.12'I5"fl0 ri

m  
0.96979 0 . 2810 o.b37li I .mI b02% (. a381'4

'4 L4.1656"-0'4 2.4216""o rim 0.97319 (J*5RO59 0.68179n 1.4(381 0.'49U02
5 5.U01W-0'4 2.~5021+00 rim 0.97489 0.606115 0.7(11A, 1.37di1 0.51co04

a 5.71'ifl"04 2.7268"0Oo f#4 0.97636 0.62543 0.73180 1 .35tM" 0 . 53968
7 .0.548"-0a 2.4017'#00 441A 0.97806 0.6s396 (. 7 r, ')3 1.33U41 u. 5 , 69 7

e 1.3660*-04 3.03944"tn rik 0.97935 u.67328 (4.77fig0 1.31100 0.58802
9 6.30SM"-04 i.1s65"no I04 0.98032 Q.W578 0.78320 V.Q3 .60416
10 9.2202"-044 1,?6fl9"+(0 rim1 0.98113 0.70109 0.79fAO 1.28110 o.t62119
it 1.0W~8-93 3.3030'+00 rim 0.98239 .7 1a9 6 0.811170 I.?6523 U.63917
12 1.0973"-03 3.d48P5*#O0 rim 0.9M322 0.731,59 Q .51 it040 1.aszbs V.05367
13 1.l6804-03 3.536O0000 rim 0.qM367 0.731629 0.87'410 I.?M~q59 0.obl4d
14 1.2Q911-01 3.5901S*0'0 NP" 0.9$'411 0.79505 0.8?2090 1.?.34?4 UJ.66928
Is 1.34311-03 1.7123*00 NM 0.985049 0.75991 .09 1.2?451 u.6867,!
16 1.42'49"-03 3.4043'+')D NM 0.qg584 0.1709q 0.844930 1.l i~ .b9980
17 1.5048"-03 3.89604440 14M 0.9868 0.71`1134 o.dS75u 1.202Qo 1j.11286
to 1.00024-03 1*o734l,+'o NIm 0.98711 .1.79073 V.dhdifll 1.19619 ).723s9

*19 1.0902".03 '4.)813*+-0 N'. 0.98741 0.603144 O.87j2o 1.4211?7 V.73871)
20 l.74.53*.03 40I6116"+00 N'.4 0.98853 0.8121.8 U.48(110 1.17290 Q.750'45

*21 1.8116b"-03 4.?0112*00 t41 0.99880 0.81100 u.88320 1.16b61 0.75S77
212 1.9906*-03 4.2690"*00 rim 0 .9 C%9 A1 0.826'43 Q.e8qq90 1.l5ys) U.76748
23 2.0117'-fil U.3890"+00 fNM 0.99011 0.411740 u.dqbo0 1,460S9 v.7812I
24 od. 103 1~0 a3 '4.J7'43*60I4 r,1 0.99070 0.84663 0.90'400 1. I'l4o11 U.19290
25 2.18W9-03 4.15740.'0oo NMA 0.99437 '4.65730 U.041t3n 1.12995 U.80644
26 Z.2682.03 4.6802*+00 .1M 0.942t3 0.3694S 0.91950 1.116"b 0.82212
2? d.3495'-03 4.8o64*+O0 N4 0.902g0 0.88164 U.92760 1.106416 o.83796
28 4.'4sb2l-03 Q'A4*57"t00 rim 0.94324 0.68812 0.9312V 1.I01A'S 0.814513
a9 2.0314"-03 5.1546'+0( NM 0.90507 (1.91b8'; 0.95(430 1.07430 0J.88457
so W.79401-03 S* 3 6

3omfoo NMA 0. 99630 0.93726 V.91.34(0 1.441)sib v. q42??4
It 2.9620*-03 9.11091+00 NM 0.99747 0.9s672 0.97980 l.0'3816 U.93898
32 3.I34'4".03 5.72180+00 Nim 0.99533 04.97139 U.9M350 1.(12509 U.959'43
313 303096".03 15.7990"+00 N4 0.90876 0.97657 U.94710 1.01874 V.96953
14 4.4722'-03 5.4l77V+0f0 (Ji' 0.99918 0.98582 o.q9919( 1.01237 0.97978
35 3.b3731-03 S*90768eflQ (41 0.99934 0.46660 u.9113s0 1. u9 .94373
36 3SAI25o-os 5.S'4f1'+00 N" 0.q9995 0.99457 0.99520 1.00134 0.98705
37 1.6410 S.9631*+00 rim 0.99963 0.99367 U.99690 1.0o551 U.99094
35 41.1275"-03 3.1066A.,+00 PIM 0.99976 0.99577 o(4Q907#4 1. 110 368 0 .qg3c5

39 4.30.a*-1)3 S.f4939-+00 lip 0.99980 0.99bq6 0099800 1. (030t) o.qq995
'40 41.4780, (13 6.0fli4t00 ri'. 0.99988 0.99788 v . 198FI 1 . oa 1 A 0.Y969?
41 04.baV64-03 6.0172*+Oo N14 0.99992 0.90659 U.999e0 1.(10123 0.9979d
'42 A1.74390".0 6.0250"i'00 N1W 0.99996 0.90929 u.90qbo 1.00061 U.498'99

0 M3 ".9101W.03 6.03?7"+00 NP' 1.140000 1.900 140000 4.)1o .01)1108 1.U0000

INPUT VAIIIA14LtS V, U./Uo ASSUNPE PoPr17 AND0 VAN flRtT



7102-C- 4

71020204 PEAKE PjjnplJLE TABULATIONI 60 PolIrTS, DFI-.TA AT PUINT hO

1 y PT?/P Fpfln TO/TOr' 14/14D /I/ir' T /T(V IO/1AHOI).u/klD

I Q.0O0O"+00 1.0009)+(10 t4 0.95111 o.0onooo o. 0 00 0 1 .7 1 !10O .IOOflu
2 2.28W.O-04J I q t9"4lo Jim 0 .9691 A 0.501511 u . 6,I1300 1 .'t413P9 u .'4 1 o3
3 3.4036"-09 2.34119"+00 NO, 0.97435 0.ý08952 0.b1,Q70 1.37339 V.50e'l'
4 41. 0132"-04 2.c;867"f00 N K 0.97790 U.629ft1 0 .7 277u 1.S33bqs (. 5145) 81
5 .90 22 " -0 4 2.7805".00 Nk' 0.978q5 G.o6026 ().75,470 1,(o3 0.57764
b 5.7912"-04 3.0179"+00 NP, .9AII7 U.691J7l 0 . 7A420 I./17'120 O. o1545
7 6.5?74"-04 3.16700+00 NIA 0.982511 O.l1653 ij.6023 1.2s37,h V.63992
8 7.41661-04 3.Z0%8"+fl0 fN 0.98.292 U.72191 0.891670 1.211671 0.o'46n3
9 a . S39"-0'l 3.27nl6+00 hWA 0.98A349 U.73079 0.81190 1 .2LI400 0 .6Sb816
t0 9.0110"-04 3.3351-+01) NP 0.98905 u.739,51 0.82090) l.a32?5 U.abb10
11 9'.7516"-04 30S7360+00 NO' 0.98J135 0.74465 0.82500 1.227414 0.67213
12 1.06410-03 3.4126*+00 N"O 0.911472 v.741903 0.87910 1.2221.1 0.07814
15 1.1506--03 l.4bl7-+()0 NU 0.98515 0.75b57 0j.83440 1 .21b3l 0.6abou
14 I.239s*-Ql 3.150P0*+00 Jim 0.90547 0.1615f) 0.831130 1.21169 V0.o185
Is I.3411*-03 3.527a"+00 NiM 0,98568 0.76 ,440  O.d11090 1.2iliib 0.69578
16 1.43001-03 3.5s18o00 Nim 0.908see 0.7t.82b U.84350 1.20546 0.b9973
17 1.5164"-03 3.5922'+00 JIM 0.98821 0.77319 0.849750 1.20OFIA 0.7055b
to8 saoo*0-Os 3.64145'+00 rim 0.9F1663 0.77985 0.85,240 1 . 'Iq7l 0 .713Q8
19 1 .6764".03 3.6956"+A0 NH' 0.99700 0.74630 0.8S730 i ,1804~s 0.72116
20 1.7653*-O3 3.7475'.flO Jim 0.98745 0.79280 0.81.220 1.18.17 0.72989
21 1.8S17-Ol 3.7733'+00 N4M 0.98766 0.19600 0.8646'0 1.1?17911 0.73284
22 1.q253"-03 3.P2`13*+00 Nk) 0.90805 0.80230 0.01,920 1.17SQ9 0.74041
23 2.0142"-03 3.8762*f00 JIM U.968415 0.80W6¶ 0.87400 1.16ti115 0.74419
24 .i.10O61-OS 3.91IS3'ifl Nim 0.98875 0.513, u.877S0 1.16379 0.7540D
25 2.1742"-03 3.96694+00 Jim 0.98919l 0.8199, 0.88200 1.1501t% 0.161sb
26 2.3016"-03 9.0l142"*00 111 0.9A9%3 0.82577 0.8965n 1.25W98 0.76921
27 .1.3343"-03 4.22076#00 Fill 0.99029 0.83790 0.894520 1.1il34i U.711427
25 d.4232"-03 d.16`59-4,10 NIM 0.99076 0.89552 0.90060 1.13451A 0.743RO
29 2.4966"-03 4.20234+00 rmM 0.99131 u.85435 '1.906AU 3.1absis 0.80493
30 R.S980-03 9.34fl3'900 Jim (.99186 0.86327 0.91300 1.118112 0.81626
)I 31 .1.6848'-fl 4.4174"+00 N14 0.99200 0.87200 0.91000 1.11069 o.82741
31 1,7114"101 4,5042"is0 NM" 0.99102 0.882116 0.92591 1.10113 0.840408
AS3 2.B321*-03 4.6231"900 NM 0.99380 0.0,4484 0.919440 1,0903? 0.85696
34 2.9058" 03 4.67W+0410 NMO 0.99414 0,90058 0.913820 1.0853V 0.8644b
35 3.1090*-03 4.Al73~,#l) NPI n.995fl7 0.91556 0.94A12) 1.0171A? o.64462
3b 4.2715*-ol o.900?8so0 tip 0.9956'l 0.92548 1).95440 1.11t34? 0.69144
37 4.99o8."03 0.47WfouQ NiM 0.99@.09 0.93222 v.950170 1.05761 0.9064d
38 3.b0*o8'0$ S.flan1'Rfl iJm 0.99616 0.93759 0.962to 1.11520h 0.91371
1 9 3.7821'-03 S.048I9*+00 fNM 0.99652 0.9'4029 0.96340 1.05u13 0.91731)
go 3.9573*.03 5.0373'+n0 NM1 0.99076 0,99928 0.96630 1.014719 0.92276
41 4.1046".03 5.113b"+00 NM 0.99692 0.94700 0.96800 1.04085 0.92645
412 4.27Q99-03 5.19(131+00 JiM 0,99739 0.95469 V.97290 1.0180f 0.93722
4s Q.4399'-Ol 5.2556"$00 JmU 0.941778 0.96156 0.97700 1.03238 0,9963b
44 'l.587?*-03 5.3073"+00 rim 0.99800 0.96680 0.94020 1,132742 0.95357
4S1 4.7b2S"-03 5.3317"#00 NM 0.99823 0.4692b O.QA170 1.1125113 V.95696
46 'I.90731-01 S.3976"#00 NO' 0.99861 0.97588 0.985t0 1.02022 0.96610
47 5.06251'03 5.4359"ll00 JmM 0.99883 U.97971 0.941100 1.1)1694 0.97150
98 5.2451"-03 9.4611ll'.O 14M 0.99898 0.98222 0.9A'450 1.010118 0.97500
419 5.4051'-03 S.47'lb*400 Jim 0.99906 0,48356 Q.q9030 1.n03375 0.97687
SO 5.&1~0 S.1lb~0+0O NM 0.99928 0.98793 0.4926.0 1.1)1051 0.98229
Si 5.7277"-03 5.5650'*00 Jam 0.999'57 0.99250 0.99560 1.n0625 0.90941
52 5.8677"-03 SoS?71*+00 14M 0.99964 0.99369 0.996130 1.00526 0.99109
S 3 6.0477"-03 5.5909'*00 11M 0.99972 0.99505 0.99710 1.00412 0.99300
14 6.1951"-03 s.s9o9"*00 141 U.99972 0.99505 0.90710 1.u30012 U.99100
55 b.sesb"-03 5.6031"+00 lilt 0.99979 0.99624 0.99700 1.00413 0.99469
5h6 .S606"-03 5.6152*+00 rim 0.99985 0.99799 U.99650 1.00,211 0.99637
37 6.7208'-03 S.6152"#00 Nim 0.9098S 0.99799 0.90050 1.00.113 0.99637
Sl8 6.o66W-03 5.6242*+O0 Jim 0.949993 0.99880 0.99930 1.001n0 0.99831
19 7.0409"-03 S.62421+00 NiM 0.99993 0.99800 0.99930 1.0010V 0.90631

0 60 7.2034'-03 3.64l5*+01) tM I.D00000 1.00000 1.00000 1.10080f 1.00000

INPUT VARIABILES Y, U/UD ASSUME PMPD Atit) VAN4 DRIEST



7102-C-5

71020205 PEAKE PROFILE TABULATION 60 POINTSP DELTA AT POINT 60

I V PT2/P P/PD TO/TOD M/ID U/UD T/TD RHO/RHOD*U/UD

I O.OoO"+Oo t.oo00o"too NM 0.95143 0.00000 0,00000 1.70362 O.OVO00
2 2.2860*-04 1.78540"#-0 NM 0.90766 0.47696 (.57800 1.46855 u.39358
3 3.2512"-04 2.4349"'00 NM 0.97572 0.60827 0.70720 1,3172 0.52319
4 4.0132"-0"i 2.7051"+00 NM 0.97854 0.6525? 0.74710 1.31089 0.56992
5 5.0546"-,04 2.I817"too NM 0.96027 0.67958 0.77060 1.23579 0.59932
6 5.9436"-014 .q902zt0o Nm 0.90130 0.69561 0.7M420 1.27092 0.61704
7 6.8326"-04 3.0986"too NM 0.98?30 0.71120 0.74720 1.25645 0.63449

1 7,54065-04 3.1930"+00 NM 0.98315 0.72449 0.80810 1.244t4 0.64953
S8.5852'-04 3.27450+00 NM 0.98387 0.73573 0.81720 1.23373 0.66238

10 9.4792*-04 $.356bt'00 NM 0.98458 0.74686 0.82610 1.22394 0.67523
11 1.0338"-03 3.3971*+00 NM 0.98492 0.75229 0.63040 1.218430 0.68153
12 1.1227"-O$ 1.4652'.00 NM 0.985S0 0.76133 0.83750 1.21010 0.69209
1s 1.19368-03 3.119q't00 NM 0.98S95 0.76840 0.84300 1.203S9 0.70040
14 .267S"-0$ 3,5310'+07 NM 0.98bO6 0,77021 0.85440 1.20193 0.702S4
15 1.3564"-03 1,5470"+00 tim 0.96618 u.?7202 0.84480 1.201127 0.70468
lb 1.4300"-03 3.57uL'.00 1* 0.98640 0.77553 0.848S0 1.14705 0.70883
17 1.5316"-03 3,6014"+00 MIA 0.98662 0.779044 0.8O120 1.19.82 0.71301
18 1,$311-0ý 3.65971e00 NM 0.98706 0,78599 0.85050 1.18745 0.72129
1 1.7069"-03 3.6963'#0O NM 0.98739 0.79114 0.86040 1.18274 0.727?6
20 1.7912'-03 3.737'+"00 NM 0.99771 0.79633 0.86430 1.17601 0.73370
21 1.8974"-03 3.76,521+0 NM 0.98793 0.?0960 0.86699 1.17468 0.73789
22 1.96B55-03 3,8062'400 NIA 0.98825 0.80490 0.87070 1.17019 0.74407
2S 2.OS•05 -03 3 . 6 3 3 4'+ 0 0  NM 0.98846 0.80827 0.87320 1.16713 0.7816
24 2.14630-03 3.6874*+00 NM 0.98806 0,14491 0.81810 1.16109 0.75627
25 2.2327*-03 3.09424400 NM 0.98930 0.o261 0.88300 1.1ssO0 0.76449
26 2.32160-03 3.98344+00 NM 0.94961 0.626S7 0.89660 1.15051 0.77060
27 2.40790-03 4.03761#00 NM 0.94002 0.53308 V.39130 .114465 0.77866
28 2.4968"-03 4.0766"400 NM 0.99032 0.83796 0.890480 L.1402O 0.7047:
19 2.560*-0$ 44.1475".00 liM 0.99082 0.84012 0.90060 1.13243 0.79495
30 .,65685-03 4.202000f0 NM 0.4122 0.85250 0.90510 1.12721 0.80296
31 2.7305V-03 4.2710"+00 NM 0.99171 0.860s1 0.91070 1,1200t 0.81308
52 2.E0b9*-03 4.3388"t'0 NM 0.10909 0.86831 0.91610 1.11312 0.82301
33 2.9058'-03 4.40761+0o NM P.99267 0.87615 O.q2150 1.10,13 0.83308
34 .9q21'-03 4.4351s•00 NM 0.99280 0.87926 0.42360 1.10341 0.83704
35 3.06580-0 4.4901t"Oo NM 0.99z2U 0.88545 0.92760 1,019744 0.80504
36 1.16740'03 4.5313*+00 141A 0.99312 0.89000 u.93094 1.19388 0.85101
37 3.2410"-03 fl.5181V00 NM 0.99510 0.80304 u.93090 1.091?6 U.04688
38 J.44163"-03 4.5864*00 NM 0.99389 0.8961q 0.13500 1.08850 0.85098
39 3.00o8'-03 4.0I40"+00 Nm 0.99426 0,90221 0.93900 1.08322 0.8668b
40 S.7541"-03 4.69h3"0fl0 NM 0.99062 0.90827 0.94300 1.07193 0.871483
41 3.9?940-03 44.72443N+00 NM 04,494plo 0.9t112 0.9445040 1.07b,21 0.87845
42 4.1044-03 44.765z"+00 fNm 0.99507 0.91577 0.94790 1.07141 0.88472
43 4.2647"-03 4,8339"+00 mM 0.99511 0.92317 u.95270 1.06499 0.89456
414 4.4120*-03 4.8092"400 NM 0.995487 0.92909 0.9550 (1.05988 0.9044b
Qs 4.56872-03 q.05S06*00 NM 0.99630 0.93•46 0.96120 1.05414 u.91235
46 4.7473*-03 5,0•61"+o ti 0.99673 0.94358 0.96s70 1.04744 0.9219b
47 4,.Sa20-03 5.00667"00 NM 0.99699 0.94804 0o96890 1.04363 0.92801
48 5.06906-03 5.12420+00 NM 0,99733 0.95381 0.97210 1.03171 0.93587
49 5.2578"-03 5.2056".00 N01 0.99762 0.962?2 0.97730 1.03158 V.947313
so0 5.4•31-03 5.2465"f09 riM 0.99808 0.96463 0.98000 4.0270k u0.9430
st S,.956-03 S.250861+00 Nm 0.99832 0.97072 u.94250 1.02441 0.95909
12 5.75W6u-03 5.37l6*+Q0 elm 0.99680 0.97915 0.90760 1.01734 0.97077
S3 5.9157*-03 S,4145*÷00 tim 0.99905 0.98347 u.99020 1.01372 0.97680
S4 6.0782-03 5.4562*÷00 NM 0.99929 0.9A766 0.99270 1.01024 U.96264
55 6.23862'-03 5.4101+00 tim 0.90900 0.99305 0.99590 1.0057, 0.9o020
56 6.3856"-03 s5asi'to(o NM 0.99969 0.9457 0.94680 1.00450 0.99234
S7 b.573?S-Dl 5.5391'*0o NM 0.99977 0.99592 0.90760 I.fnl37 0.99425
So 6.7361*-03 5.1s7t00 Nm 0.94984 0.99728 0.998fil 1.00225 0.94616
S9 6.a096l-03 S.16650+0 NM 0.9992 0o.9904 0.90920 1.00113 0.99800

0 6O 7.0o400-053 .5802**00 NM 1.000no 1.0000o 1.01000 1.nOuoo 1.00000

INPUT V AgZAULE5 Yo U/UO ASSUME PuPD AND4 VAN DRIEST



7102-C-6

71020e06 PEAKE PROFILE TA(IULATInN 61 PUIN15l I(ELTA AT PuINY b1

I y P712P P/PD TO.'TOD MJI14D U/Uo Tilr' RHO/RHI0L*IJ/UD

I 0.0ono0*+O 1.n0000400 Nm 0.95079 O.00000 0.00000 i.72u5i U.00000
2 2.2860*-04 1.0625"+00 NIM 0.96947 0.51,126 0.01620 1.'44197 u.112586,
3 3.2512*-04 2.3192*+flO i'm 0.97174 u.5nO37 0,042110 1.3841.3 0.19324
4 4.0132"-041 2.4'977"+00 NM 0.97573 O.b2160 0.71220 1.35526 u.52535
5 o.902PI-04 2.7'b72"o00 JAM 0097840 0.65283 0.74900 1.31633 0.56901
6 b.63981-04 2.90Q6"+00 rpJ 0.979M7 0.67567 0.7hRA0 1,2q467 0.59382
7 6.40081-04 3.0630*t00 NiM 0.98131 0.09778 0.78150 1.27370 0.61828
a .340 3.t859"+00 NIM 0.95242 0.71494 0.80170 1.i514ia o.63756
9 7.8486*-44 3.29340+00 N4M 0.91336 0.72q58 0.823h0 1.24359 0.65423

10 8.8900"-04s 3.1700"1'00 Np o.994fl2 0.73981 U.62140 1.23393 V.66600
21 9.6012"-04 3.96330+00 Nm 0.984M1 0.75207 0.53150 1.22,137 0.68023
12 1.0336'-03 3.LS938*+00 tNM 0.9M587 0.7%603 U.83460 1.21865 0.68486
13 1.1074'-03 3.5245s0lI3 WA 0.90532 U.76000 0.83770 11,?1492 0.68951
24 1.1611"-03l 3.9860"+00 Nil 0.9psp3 0.70781 0.543802 1.e0753 u.69878
IS 1.2522*103 3.6178'+00 NM 0.9m608 0.77191 Q.8069Q 1.2n375 0.703S5
16 1.3411*-03 3.6741"+00 NM 0.98658 0.77963 0.85280O I1.2952 0.71273
1? 1..4146"O3 3.7l07l'10O NM 0.98683 0.7R358 0.85580 1.19,283 0.71745
18 1.5011'-03 3.1880"+00 rim 0.9ft744 0.74324 Oalblfo 1.18391 0.72894
19 I.5745*'03 3.1A5AS"+O0 NM 0.98768 0.79689 0.Bb560 1.18042 0.73347
20 1.6637"-03 LWV+4~00 Nil 0.96792 0.80066 0.888b0 1.17692 0.73801
21 1.7s0Il-03 3.86'94l1+ fly 0.9880'4 0.80254 U.87000 1.17517 0.740012
22 1.639n0-03 3.A96,11+00 WA 0.98628 0.80633 0.67280 1.17165 0.74493
2S L.910t*.03 3.942t,"+00 NM 0.98863 0.81191 0.87h90 1.166149 U.75075
24 I.9A37--03 3.0746P+00 NM 0.98087 0.81575 0.87970 1.26294 W.76411
25 k.0726"-03 4.0098*tC'0 NMA 0.9A911 0.81946 U.88240 1.1v5952 u.76101
26 a.1463"-03 9.03&1-400 Nil 0.904933 0.02305 0.84%011 1.25620 0.76544
27 2.2327"-03 4.0633"'Oo NN' 0.98968 0.82860 U.88900 1.15109 0.77231
28 2.a911"-03 4.t45b*+0O NM 0.49014 0.33586 0.891420 1.144101 U.78137
29 2.3927"-03 4.2o90*+Oo NMl 0.99060 0.841422 0.899110 1.13769 0.79055
30 2.4663"-03 4.2S'I8"+00 NM 0.99092 0.84848 0.q1)3j0 1.23280 0.79717
31 Z.6264-03 4.364. +00 NM 0.99170 0.86099 0.92180 1.22150 0.81302
32 2.7737"-03 11.4600"#00 lip 0.99236 0.871b4l 0.9191') 1.21187 0.82662
33 2.9337"-03 4.¶5515"00 N#1 0.914290 0.88197 0.9pbo0 1.10257 0.03995
314 3.0810"-03 4.7l?2"+00 NM 0.9"1405 0.89925 0.93760 1.08712 Ol.862461
35 3.2255"-03 4.112231+00 NM 0.99476 0.91102 0.945111 1.017667 0.87798
36 S.4163".03. 4.917b"+00 NN 0.94537 0.92109 0.951h0 1.016779 0.89137
S7 3.5636-03 'J.qans"+00 NIA 0.99576 0.4?767 0.95600 1.0622 0.90018
38 3.7236"-D3 s.fbl62$l0n NMN 0.99626 0.q3b04 0.9h130 1.05469 0.91145
39 3.8714"-03 5.06122'oo Nm 0.99626 0.936(l4 U.96130 1.054b9 0.92145
40 4.0157"-013 t.0612*+00 N'I 0.99626 0.93604 0.96180 1.05469 0.91145
41 4.1754"-03 lt.116120+00 Nil 0.99626 0.936Q09 U.906130 I.l15~b9 4.9114S
42 4.3181"-D3 4.0612"+00 1414 0.44626 0.93t;04 0.96130 1.0s469 0.91145
43 4 .4704"-03 S.0612"+00 14M 0.99626 0.93604 0.9'il30 1.115469 0.91145
44 4.b5041-os 5.09200+00 HPM 0.99645 0.93973 U.16331) 1.015142 0.91575
45 4.7752"-03 5.1403"*fl0 Nm 0.l9(67% 0.94419 U1.941640 1.n0761 o.92248
46 4.922S"-03 5.1718t110 11M 0.99b94 0.94740 0.96840 1.0,1402 0.9206b
47 5.0476*"03 5.2035'*00 1#1 0.99713 0.95v63 0.97040 1.04203 0.93126
40 b.2451"-03 5.25t$"+00 144 0.99742 0.95550 0.97300 1.f13782 0.93792
49 5.4051"-03 5..3000*~00 Nil 0.99770 0.96039 0.97640 1.A3361 V.944065
'30 5.5499'-03 5.3475"+00 NM o.0'7798 0.96526 0.97030 1.112952 0.95122
$I 5..%972"-03 5.19sso*oo NMI 0.99826 0.96995S 0.q82a0 1.10?542 Q.957855
$2 5.5725*-03 5.41440"+00 NI" 0.990,54 0.97477 0.98510 l.n?131 0.96043
53 5.964%*-03 5.119311'.0 101 0.99-363 0.97962 0.98800 1.n2119 0.971S0
54 6.1166"-03 11.57200"+00 NM 0.999V7 0.98737 0.99260 1.01062 o.98226
55 6,1961"-01 1160'10"+00 NM 0.,1119116 0.99 11994110S 1.007 90 0.98 a6710

S6 6.4sb7*-03 S.4D50O+fl0 N14 0.99946 0.99059 0.9flils0 I."f790 0.98670

S 7 6.6192"-03 5.E.208,+no tim 0.04955 0.9Q212 0.99S410 1.00661 o.qb8ob
So &.76110"-04 S.6366*tou fNM 0.9996:4 0.99366 0.99630 1.110532 0.9910s
S9 6.9240"-03 5.6542"+00 1111 0.99971 0.99537 u.99730 2.0O389 0.99344
60 1.0714"-03 S.6860"+D0 (Ill 0.90991 U.99645 0.99910 to"('130 o.Q9911

0 61 7.z187"-03 5.70?0'0+0 tiM 1.020000 1.00000 1.00000 1.I10000 1.00000

114PUT VA41IABLES Ye U/UO ASSUME PUPD AND2 VAN DRILST



7102-1)-I

SECION 0 - SUPPLEMENTARY DATA - CAT 7102

Wall pressure and wall shear stress correlations

FACSIMILE FROM SOURCE PAPEP - NB - AUTHORS' SYMBOLS AND UNITS

Table 2: Zero pressure gradient - profiles 0101 - 0106

Table 3: Adverse pressure gradient - profiles 0201 - 0206
Table 4: "Ring" pressure gradient - profiles 0301 - 0306

SYPIOLS (where not as In CAT)

Subscripts: 0 - Reservoir stagnation state

E - Boundary layer edge (D) state
APF+W - Static pressure hole-size correction

based on wall property values using the
deem hole correlation of Franklin + Wallace
(1970)

T1 - Reference temperature as srecified by
Sommer and Short (19565)

C pp - Preston tube pressure coefficient

(" (PP'PE)/q E where Pp is the Preston
tube pressure and q r is the free stream
dynamic pressure)

RD - Reynolds' number based on Preston tube
diameter and local free-stream conditions.

(uTw ds/lvw) - Wall-similarity static hole Reynolds number.
(ds - static hole diameter)

Subscripts to CF indicate the Preston tube correlation used as:

F + S - Fenter & Stalmach (1957)
HKTR - Hopkins & Keener (1966) Equation 9
HKT' - Hopkins & Keener (1966) Equation 4
SIG - SIgalla (1965)

UNITS- a•e indicated at the foot of each table.
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S: 6.5 7103
R THETA X 10-3 : 0.5 - 5.5

TW/TR : 1.0
ZPG - AW

Axially-syimetric blow-down tunnel, contoured nozzle. Running time 50 s. D - 0.56 M.
3.5 < PO < 21 MN/m2. TO : 350 K. Helium. 6 < RE/m X 10-6 < 25.

FISCHER M.C. and MADDALON D.V., 1971. Experimental laminar, transitional and turbulent boundary layer

profiles on a wedge at local Mach number 6.5 and comparisons with theory. NASA TN 0-6462.

And Fischer M.C., private communication.

I The test boundary layer was formed on the lower surface of a So half-angle wedge the test surface being
at 100 incidence to the M a 20 free stream. Two wedges (L = 0,406, W • 0.279 m,) were used, the leading

edges (X 0 0) being 51 Pm thick. One was fitted with wall static tappings, and had a local surface
depression, of maximum depth 0.38 mm, extending from X - 0.305 to X - 0.381 m. The other-, used for profile

measurements, could be fitted with a rear extension which increased the length to 0,610 m. The last four

of the seven survey stations were on the extension surface. Measurementis of the model suvface "indicated

2 excellent surface uniformity". The surface was not actively cooled, A detailed survey of the M - 20 free

stream was made by Arrington et al. (1964) and showed transverte Mach number variations of t 0.3, Heat
3 transfer studies showed that the boundary layer did not become fully tuirbulent tn the basic wedge models,

5 and prompted the construction of the extension to X w 0,61 m. Chamfered swept end plates were used to help

maintain two dimensional flow in the test region.

6 The pressure instrumented wedge had 12 static holes (d • 1.02 mm) mounted along the centre-line from

X - 0,105 tu 0.376 m, The model used for profile studies had numerous thermocouples along the centre line
at intervals of about 12.5 mm for the same range of X. Thermocouples were also fitted to the extension,

7 Pitot profiles were obtained with two CPP. Forthe three upstream stations, d, - 1.02, d2 w Q,51, 1 - 20 mm

while for the four downstream stations, on the model extension. d1 - 2,29, d2 - 1,78, 1 w 20 me, All
8 measurements were made on the model centre line, the profiles at X values of 99.1, 180,3, 228.6, 431,8,

482.6, 533.4 and 699,4 mm.

9 The authors compared the measured PW values to both the inviscid calculated values and values calculated

using a laminar viscous interaction correction following Bertram 1966. The initial values aqreed well with

the pressure predicted by Bertram, hut further downstream departures were noted. These were attributed to
the surface depression remarked in § 1 above. The wall pressure values used in data reduction are
extrapolations of the initial measured values guided by the trends predizted by Bertram's analysis. Static

pressure was assumed constant through the boundary layer, Wall temperatures chanqed by less than 4 K during
a run, and average values were used,

10 Viscous interaction and rarefaction effects in the Pitot measurements were assessed following Beckwith at al,
(CAT 7105) androstimatedat less than 2 %, Real gas effects were estimated as less than 1 % following

Erikson (1960), These possible corrections wore therefore ignored. Probe wall-interterence effects were

assessed by recalculating the integral thicknesses with the low y-valuer .eplaced uy a curve faired In to
the wall static value. Changes in DI and D2 were negligible. The Pitot pressure displayed an "overshoot"

in the outer part of the layer for the lowest values of L. This was attributed to the relatively large

size of the Pitot (d/01 up to 0.5). These overshoots were roplaced by a faired curve, following Manayhan
11 (1955) for the affected profiles (0101, 0201/2, 0301/2, 0401/2). Viscosity values for helium took account

of quantum effects, after Maddalon end Jackson (1970),

12 The editors have presented ell the data available, incorporating the authors' assumptions and procedures.

We have however calculated viscosity as discussed in the introduction. The 'D' state Is the *ithors' based
13 on the experimental position at which PT2 was either a maximum, or became effectively conatant, The data
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consists of four sets of six or seven successive profiles, each at a different unit Reynolds number.

They range from laminar to fully turbulent.

§ DATA: 7103 0101-0407. Pitot profiles. NX - 6 or 7.

15 Editors' comments

The measurements are made in a Mach nuanber range for which there are no really satisfying date. They overlap

the studies by Danberg - CAT 6702 and Adcock et al. - CAT 6601. but have more in common with the measurements,

at higher Mach number, of Watson at al. - CAT 7305. Both 7103 and 7305 provide a number of profile sequences

spanning the transition region.

This is an adiabatic layer, so that the absence of TO profiles is not crucial, though regrettable at these

high bach numbers. More of a pity is the lack of CF measurements. In these respects the study is superseded

by Watson et al. (CAT 7305).

CAT 7103 FISCHER BOUNDARY CONDITIONS AND EVALUATED DATA. 8I UNITS.

RUN MD 01 TW/TR* PE.2w CF H2 HI2Ki Pw* PD*
X * POD Ph/PO* PLn2D Ca HI2 H32K TW TO
RZ TOO* Sh A 02 PI2P H2 02K UD TR

71030jul 6.1000 1.0000 6.86291+01 NM 36.1020 2.4447 6.7300"902 6.73Q00#02
9.91001-02 4.4975+*05 1.0000 4.3774"÷02 NM 1.5083 1.48436 3.0672**02 2.5980"+01
INFXNtIlE 3.4500"+02 0.0000 7.94831-05 O.O0000+00 0.1740 6.2277*-04 1.b2644#03 3.0872".02

71030102 6.1000 1.0000 1.43440+02 NM 33.4u72 2.3906 6.62000+02 6.b200"÷02
1.80300-01 14.424g9O5 1.0000 7.06•14602 NM 1.6b45 1,5480 3.0672"+02 2.5q80"+41
INFINITE 3.4%0Q"#n2 0.0000 1.3076'-04 0.O0000"UO 0.18147 8.4356"-u4 1.8264"÷03 3.002"+02

71030103 b.2000 1.0000 1.%4520*02 NM 35.6091 2.4729 b.59001+02 6.5900+u02
2.2860=0l 4.7t1041+05 1.0000 7.78014002 NM 1.6341 1,5156 3,0663"+U2 2.52100+01
INFINITE 3.4500"+f2 0.0000 1.3713"o04 0.00001*00 0.18t8 0.b62l"-u4 1.8286*+03 3.06u3"e02

71030104 6.2000 1.0000 2.2297#t00 NM 30.068 2.0580 0.2200*+02 b.daUO"+02
4.11100-01 4.4837"+05 1.0000 1.12?7"003 NM 1.7745 |16508 3.0663"+02 2.5210"+01

INFINl71 3.45001'q2 0.0000 2.0964'-04 O.OnO00.00 0.970 1.05•70'-u3 1,b2Gb"603 3.u663"+02

71030105 6.4000 1.0000 2.79b102 NM 30.7055 1.9379 6.1800"+02 6.1800"+02
4.8260"-0t .1674m05 1.0000 1.46?2"+03 IjM 1.8060 1.0457 3.06b05÷02 2.3766+01

INFINITE 3,4500u+02 0.0000 2.0880"-04 0.0000"+00 0.2018 1.19444-03 1.0327'0U3 3.'0•b•5002

71030108 6.3000 1.0000 2,q15a*0o2 NM 28.94(lb 1.8864 O.1700,0+2 6.1700"+02
5.33400-01 4.7926*005 1.0000 1.49640+03 Im 1.836i: 1.71, 7 3.06546 Ua 2.'447L"Q1
INFINITE 3.h500",02 0.0000 2.6793"=04 0.0000*.0o 0.2047 1.10•b-u03 1.830o"+03 3.Qb54"*02

71030107 6.4000 1.0000 3.31GS0+02 NM 24.223b 1.6101 6.16000+02 6.1600"+02
S.q940o-ot 5.15071+05 1.0000 1.7353"*03 NM 1.84qb 1.7343 3.Q645"02 2.37u60+01
INFINITE 3.4500"÷02 0.0000 2.96230-04 0.0000*o00 0.2067 1.1821"-03 4.a327T+03 3.06845*02

71030201 6.3000 1.0000 1.2011'+02 NM 37.2507 2.5938 1.07200%03 1.0720"+03
9.9i00"-02 8.326a'÷0 1.0000 6.16391t02 NM 1.0440 1.52|3 3.1364"+02 2.5040"+ul
INFIN11E 3.5300"tO2 0.0000 6.5215'-05 0.0000"400 0.18.3 4.b010"-4 1.6518"+03 3.13:0"+02

7103u2vZ 6.4000 t.0000 1.6a41"t02 .4m 35.2723 2.$Q20 l.0o1"03 1.004.0+03
1.60104=01 8.706•"#05 1.O0O0 8,e063"÷02 NPA 1.736b 1.5799 3.1356"4412 a.43170+01

INFINITE I.5300=1+2 0.0000 9.0717*-05 0.0000..u0 0.1 b.l '542"-u 1.85394'03 3.1356"#02

71010203 6.3000 1.(000 1.71S114021 NM 35.4134 2.5079 1.0400'-03 1.0400"+01
2.28b00-01 8.07820+05 1.0000 0.0Clq0402 NM 1.7?0•2 .S978 3.1364"+02 2.5040"Q01
INFINITE 3.5300p.02 0.0000 9.1940o-05 0.0000"*UO 0.10Ob ,96689"-u4 1.84580+U3 1.1304"#02

7103I204 6.6000 1,0000 3.18360+02 NM 31.49qs 1.90Q7 9.6600"402 9.d8U0.0U2
4.31601a-o 9.52S40+05 .n00O0 1.72730403 NI 1.8471 1.7342 3.13140,02 269960"+01
INFINITE 3.53004+02 M.0000 I.7I70"-04 O0.0000"O0 0,4072 7.31|"-u1i 1.85771+03 3.13404+02

71030205 6.7000 1.0000 4.o5%4"*02 NM 31.8705 1,44142 q9.790"+02 9.1400"÷oi
4.82600-01 1.0112"+06 1.0000 2.24030+03 NM 1.8b?3 1.7774 3.13320+02 a.43220+01
INFINITE 3.9300"+02 0.O000 2.1392"-04 0.0000"to0 0.2om3 8.5181"-U4 1.6S9S*+03 3.113a2"02

?1030206 6.7O00 1.0000 4.40440+02 NM 30.9944 1.7113 9.77000+02 q.71j00"u2
5.3340"-01 l.0131"i0 .,0000 P.4331"÷03 Jm 1.8769 1.7897 3.332.0U2 2.322.+01
INFINItE 3.5300"*02 0.0000 2.3281*-014 0.0000"oo 0.2110 8.6509"-u• 1.859$4+01 3,1332"÷u2

71030207 8.7000 1.0000 4.MAS3'*02 NM 30.9547 1.6970 9.74001+02 9.74000+02
.99'404-01 1,61000"ob t.04000 ?.b98e003 tip 1.a737 1.7801 3.1332"+02 2.23i2"+01

INFINITE 3.100.400 0.0000 2.5902*-04 0.0000"+00 0,2106 9,9727"-u-4 1.G595.+03 3.13329+uP
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CAT 7103 FISCHER BOUNDARY CONDITIONS AND EVALUATED DATA. 81 UNITS.

RUN MD * TW/TR* E102w CF HIZ HI2K PH* PD*
X * POD PWIPD* PE02D Co M32 M32K TW TO
R0 TOO* SM * 02 P12. M42 02K UD TR

710303u1 6.5000 1.0000 1.6691+0I2 NM 40.93b1 2.5079 1.4700"+03 1.4780"+03
9.9100"-02 1.29117'9+6 1.l000 9.0obq'+2 'y 1.6P2p 1.54185 3.1420"+02 22905"+02
IJFIf ITE 3.4600*+02 0.0000 b.089q'-05 0.00001+0 0.1,52 q.9257"-uo I.dASSS+03 3.1112"*02

7103030" b.5000 1.0000 1.6175s'*.2 IV 37.73n8 a.5gu0 1.4200,+O3 1.'4ZO"003
1.8030"-01 1.2439*+06 1.0000 9.475"+02 NM 1.7527 1.6396 3.1'420+02 2.29W5"+01
INFINITE 3.9800*+02 0.0000 6.9023"-05 0.0000*+00 0.1703 4.1ab3*-U9 1M353*+03 3.19W0"i02

71030303 6.5000 1.0000 I.A2534+02 Nm 37.0351 2.4079 1.4050"+03 1.0s"0U03
2.2860"-01 1.23n7"+06 1.0000 q.9181*+02 NM 1.7465 1.6179 3.14201+02 2.29b5s+U1
INFINITE 3.4800"l02 0.0000 7.OObl*-05 0.00004+00 0.1696 4.192a"-04 1.53S3"+03 3.1420'*02

7103030a 6.8000 1.0000 4.3629"+02 NM 33.5703 1.9109 1.35000+03 1.3o00".03
4.3180"-01 1.45990+06 1.0000 2.5028"+03 NM 1.8769 1.7685 3.14900+02 2.1103*401
INFINITE 3.800,+4 0.0000 1.5963"-04 0.0000"+uO 0.1834 b.6017"-04 1.,805**03 3.1400"+02

710303u, 6.9000 1.0000 5.6175"+02 NM 33.9156 1.8370 1.3380"03 i1.3380"#03
4.82bo0-O 1.5499(-nb 1.0000 3.2799*503 NM 1.8943 1.8351 3.13411+02 2.0532"e01
Ii1FINItL 3.4800"0l 0.0000 2.0156O-0 0.0000-+00 0.1859 7.5l00'-04 1.6421*÷03 3.1394"+02

710303uh 6.6000 1.0000 5.6617"+02 NM 32.372? 1.6112 1.3350'+03 1.3350%*03
5.S3000-01 1.44370#06 1.0000 3.4604+03 NM 1.846 1.68159 3.1M00"+02 2.,103,Usf
INFINITE 3.48000#02 0.0000 a.094"q-04 0.00001"#0 0.1841 B.0812-U0 1.8405"+03 3.400"+U2

710304V1 6.6000 1.0000 2.15970+02 NM 4.b265 3.162, 2.5b40'.03 2.b560,"03
9.91001-02 2.47700+06 1.0000 1.1712•+03 NM 1.6478 1.5090 3.1428"+U2 2.30225m÷1
INFtII41E 3.5400"+02 0.0000 4.9915"-OS 0.00000+00 0.1899 3.3777"-04 1.86030+03 3.14820+02

71030402 6.5000 1.0000 3.1340"+02 NM 33.8056 2.1325 2.4830m+03 2.4830o,03
1.8030'-01 2.23270+06 1.0000 1.6b60"+03 NM .7626 1.6595 3.,436*÷02 2.3691*+01
INFINITE 3.54001+02 0.0000 6.9360'-05 0.00000+00 0.1974 3.9615,-UQ 1.85864*03 3.,ah6.+02

71030403 6.5000 1.0000 2.62060,02 NM 33.6431 2.7753 2.47501+03 2.47t00+03
2.2860"-0I 2.2255',0 1.0000 1.50•25103 NM 1.87n2 1.8165 3.1436"+02 .,3691"+Ol
INFINITE 3.5400.+02 0.0000 6.2630"-05 0.0000*+00 0.2094 2.4139"-04 1.8584"+03 3.1436*+02

710304a04 6.6000 1.0000 7.1518*+02 NM 31.0356 1.8315 1.4200*+03 2.0200"+03
9.3180*-0I 2.3379"+06 1.0000 3.8010+03 NM 1.8592 1.7779 3,1428"+02 2,30251+ul
INFINITE 3.5400*010 0.0000 1.5766'-04 0.00000400 0.246b (1.4700#-04 1.66030+03 3.l94WM02

71030/lo'i 6.8000 1.0000 4.0475602 tIM 32.7169 1.8551 2.4060N+03 2.40001+93
40.Bb00-01 2.675o#06 1.0000 5.08798+03 liM 1.86%9 1..013 3.14130+01 2.1772'+U1
INFINITE 3.540010+0 0.0000 1.69280-04 0.0000"400 0.2106 7.Tbbl"-04 1.663a"+03 3.1413"402

71030406 6.7000 . t.6000 q.3840+02 NM 31.4399 1671s 21,3990W+03 2.3990"+u3
S.33400-01 2.4876.V90 1.0100 5.2139*403 NM 1.8609 1.7908 3.14214+02 2.386'#0l
INFINITF 3.500*+02 0.0000 2.03804-04 0.00000+00 0.9012 5.5472'-04 1.6621'*03 3.1o20lU2

IRAPEZOODAL RULE FOR 0203#03020o401,0903



7 103-C-1

311,!9 1 I I9-'4LP PlIfIFTLE TAMLJLATIOII 28 PUJNTSP DELTA AT POINT 280

1 Y O7P/Ip P/VDt 70j/7111 M~/O') u/Wfl T/11 I ( RO/RH00.U/UO

1 o.0no'l'*jo I Onno"+no 1,11 0.34651 V.0000) 0 .0000)n 12,5i?ýq 0.000f)1
1! 5.0Jso"-1'i I .37n3"+ou Nj" 0.9

0
12b 0 1 101 ()u o.3 S H113 1 L . 20 816 0.010011

3 b . 4 5 1'1 U .'J21 1"'o0 % M 0 . Q () 64 0.(17 o 0 0 . 3 5 Q~II . f)h5 7 3 o0. 0 2 17
14 1 . 1f0li ~)1 I .S?17".7 qf 144 0 4 V 0)l f) 0 .12?3 01) 0. 4 171) 10 . h G0 7 u.0376o

On5 1 .5 Q0 1'-0 2.l15P00~E1 N m 0.917Lji, 0.1650~10 0.509116 9.531120 V.053'44
6 1.7055"-u3 3.14456"01l0 N4 n.103$16 u.225n0 0.b02ha 7.01030 11.08000
7 1.O07"-03 lI.A7ha"4fna Nm A.94494) u.275n0 0.711142 6(,l9~l 0.10610
a 2.05200-01 S.7soe-.Oo gm 0.95um) U.3nl100 O.7'.S 6.12731 0.12160
f 1.171911-63 7.6255"100 Nm 0.9;s96I U.35100 u.79$55 5.1760v 0.151428

t0 2.3n85'"-03 Q.99M4"+4), 0  -141 0.90674n kl.bfl3n 0.84164l 4.361953 0.19297
11 e.4J6!l1*-0 I.1022"+01 N' (1.97448 0.a6500 0.13R01.4 3.5816M4 0.24553
12 2.1.7137'1-01 1.519W+fll N1-1 (1.97673 0.5n3n1) u.099sq 3.190j52 0.28125
Is i.60-3 173499".L %Nl 0.951R9 1o.54()Q 001515o 2.67229 u.31862
14 d.o1406*.J3 .I.0819*+01 NIA OI.qt563 u.sqOno U.93M3 2.148bsq 0.37550
is 2.71OQ"-U3 2.1811"t.1l NI1.1 1.000416 0.63401T U.94543 2.02370 0.42516
lo3 2.79115-o3 2.7thS5441 N" 0.090414 u .0~400 0096614 1.9R8476 0.4807?
17 2.9241"-d3 3.47280*1m N~f 0.9~141,4 U.768600 0.97335 1.o0625 0.60508
10 .9'"3 3,70?3"sfnl fifI 0.99$530 Q~o.803' o.411781 1.48558 0.65883
110 3.l2 0~'.l164"#fl '411 1)*qqbA2  0.657no 0.98336 1.36031 0.712112
J0 3.15361-03 4.53r)"",tfm1 *4M 0.1107'4 0.87900 0091841) 1.26456 0.711166

22 3. 30 ?5*-03 5.2340"*fnl N"0 0190004 u .94,00 0.99425 1 .10918 ki .89728
23 5.3AW1-us S.A7@'i"+.0 NM 0.yn93'I 0.40170 Q.997924 1.110,352 0.937613
24 S.537()-03 5.his51,0l NM 0.94462 0.97900 0.99842? 1.113q76 0.96010
25 1.7692"-A3 5.7295"+flI NMA 0*9090j 0.98900 0.q9011 1.612051i 0.97849
26 1.9087"-03 5S.77SS"tOII W. 0.944A?7 0.003n0 V.09944 1.0)1300 U.99661
17 4o.2309"-o3 %.1102"s01l NY 0.99993 0.94600 11.00968 1.00740 0.g923l

U a8 t5.2920"-03 S,85d,6"+Oll NM I1.00000g 1.10110 1.001100 1.1not0ho 1.00000

INPUT VAQlALLLS Y PM/VD ASSU;IL PaPU AND) VA~l UWIES?

7to.50207 F13CHCR PRnFILE TAIIULATXInII 2b POINTSo DELA AT PuINT 26

I OTP/P P/pD T0/t01r liin"! OlinI T/lT' RHO/PHOU*U/UD

I Q.0folflI*I) 1.1muo-t~o NM 0.OM179 0.41001D0 0.001)0 111.03606 0.00000
a P.20~0 .66111+00 H91 0.92153 U.16000 0.56.544 9.86009 o.u5l~o
3 1.7640'-03 4.0-j99".fl NM 0.93775 0.03300 0.6h709 8.21921 0.09127
4 d.1411l0"-03 6.23fl5*.Oo NMl 0.95212 'j.24600 0,75768 b.55221 U.11564
5 2.4600'-03 8.42133efl NM 0.061b9 0.34800 0.811A0 5.44304 0.14q16
b 2.94A40".14 1.09?51+01 Nm 0.96940 0.40000 0.85310 4.548664 0.18755
7 h.376o"-Oý 1.31810401 NM 0.97421 0.110000 0.57bts 3.9032a 0.22040
8 S.9600'-03 1.5850+00I NM 0.97677 0.404100 U.9f)1)16 3.46J47 0.26011
9 11.5520l-03 1.48226.0I NM 0.98187 0.52000 0.91594 3.10101 0.29525
10 1.3440"-OS 2.0407*+01 Nm 0.9A421 0.55110 Q.02711 2.031113 0.32741

11 6.2640"-03 2.3331140I NPM o.94677 0.59000 0.93930 2.15144P 0.37060
12 .1120*-03 2.67A8*01l NM 0.94917 0.63300 0.95063 2.25537 0.42150

13 ?.72004-03 2.0410*.01 NNM 0.99069 0.66400 V.95707 2.01017 V.116036
14 8.38110*-3 3.a382*401 Nh! 0.99M1 U.69700 0.961130 1.9t409 0.50379
15 d.d720"-03 M3581"401 N" 0.9qs3b 0.12900 0.97000 1.71u44 0.5A768
16 Y1.4050"-03 3.771q,40l NM 0.99420 U.75300 0.97304. 1.6726m. 0.58223
17 1.01011'-02 IJ.1th11+01 NMA 0.9952?8 1. 7#4700 0.97BRO 1.54(362 0.63278
18 l.0736"-02 '1.47S4'*G01 NM. 0.99626 01.62100 0.9A321 1.4341a) 0.oe5sb
19 1.1"56"-02 ".91771"4)1 NY 0.99727 0.86100 0.9s7H0 1.31622 0.75048
20 1.2166*-02 5.28066"fl Nm 0.94600 0.6900o A0.9911)7 1.23071 0.80116S
at 1.30W8-02 5.7178t01l NY 0.99074 0.92900 0990034 1.1457a 0.86791
22 1.40W8-02 5.9772.+01 NM 0.99914 0.95000 0.99617 1.00957 0.90507
as i.b3M4*-o2 6.$142*,fl1 NM 0.9996? 0.97700 0.90031 1.0144109 0.9561b,
24 1.b6T6"-02 4.I47'4y101 NM 0.99982 0.gm900 0.99920 1.11?074 U.97890
25 1.531a*-OZ b.s5525*fl NTm  

0.90992 0199500 0.94964 1.110435 0.99038
Di 26 .0352"-02 6. 6 I~ltf0 1 N"l 1.U0000 1.00000 1.00000 1.1001)0 1.00000

INPUT VAPIAdL&$ YMiMD ASSUJ1E PwPD AND VAN DRIEST



7 103-('-2

1103040 1 FISCHLR PROFILE TABULATIhil 25 FOINTS, UEFL7A AT PUjINT 125

1 y PT?/p P/P)) TO/Tot 01 h1/1D 1'/00 F/rr RHO/RMOD*LJ/UD

I 0.000n"+oo l.oOnu'+flO 1110 O.dAO 0.ov(uau 0.00000 13.huB'JJ 0.o0000
2 5.a60O"-0'l I .?8h39"fAO fJm (1.39116 0.upbflO .0.3A34 12.48203 V.024341
3 b.0600JO'' I.30'I(J"tflo N 0.809161 0.U118nu U.3102' 12.'1198 0.0249e.
4I 9.a a0 (1 -On" 1. sp,3'*"A a. 0.41)59' on IIo U.safi' I I1bg~b,36 0.0346')
5 1.1080"-03 I .95R7*+( ",, 0.9) 352 ). 1'hb()u U.47871 10.75o91 0.04~453
I. z.'-nnf"-)l 2.53680,fou y' 0.92217 o(.17700 U.5~%341 9.77567 0.05661
7 1l*3hoo"-03 1.3qFM-p00 Nm 0.90195 u.21300 0.01727 6.67R56 v.07233
a 1.4b2o"-Os 'J.9913"+00 NIA P.~9449 0.2f6bao 0.71390 7.ý12ftlA 0.09911
9 1.5bZ0"-03 6.8377"+Ou N" O. 95~3 Q. 31 boo 0.?l760 6.n310It 0.12867
10 1.080"0-03 '0.9bsi"Ipoo Nm i(.q6690 O.Se600 0.5396') 4.73168 0.17745
11 1.738n"-08 1.377T"+01 NH 0.97b61 n.45700 U.8h')74 3.7479Y 0.23606
12 I.i~oO"-O3 1.60ml?"In W.' 0.9793q 0.140%00 O.Onjivi 3.32961 0.27127
13 1.8b'I0*-O3 1.9516",oI N"q 0.98357 u.54700 Q.92387 265266 o.32386
14 1.94000"-flt 2.11184"fo1 N" 0.986P9~ V.54700 ().93977 2.4774S 0.37925
15 1.964f)"-03 2.6b57"tfl NM O.q9341 0.641I(0 0.95129 2.20ka5 0.43192
16 2.0160"-03 3.n46b*+.I N14 0.9914b o.686(10 0.96115 1.40317 0.48960
11 1.0900"~-03 3.490l7"+flj NM 0.q9342 0.73500 0.97021 1.711244 0.55681
18 e.lbbo"-03 3.7290"+Dl Nm 0.9042.) 0.76000 0.974124 l.b4326 0.59287
19 2 2160 :U3 t'118't A 0. Q94553 0.79900 U.97R86 1.501100 0.65151
210 Z.31140:-l n3 8'1+l W' O.Qqo5 U.815100 U.98634 1.314335 u.73421
21 2.4440"-03 5.311%2.0I N"A 0.94830 0.0900~o V.99239 1.19158 0 .83264?
22 J.5440"-03 5.9355401l N"f O.'Q932 0.96100 U.999') 1.t17b2b 0.92632
25 2.b4b11-03 6.11')'tii N14 0.99966 o'.94000 Q.f99549 1.(13810 U.9b185
24 2.6QW0-01 6.212.0 N 0.99980 0.91480 0.90911 1.01261 0.9770.2

0 25 'e.9'20"-('I 6.4233',01O 4 1.00000 1.00000 1.0000(1 1.01000o 1.00000

INP~UT VARIARLLS YgmImD A95UPIE PxP() AND VAN UPIEST

71030406 FISCHER PROFILE TABULAYION 26 PUINTS, DELTA AT PIJINT 2).

I y PT2/P P /Pr To/TO() /11/f0 U/UO T/TI' RmO/RHOD*U/UD

1 4)O00Oo0 0.0('0*+00 NOl 0.84759 0.00000 u.pni(00 14.0360b 0.00004)
2 101039021-03 13.82310+00 NM 0.93571 0.22500 O.b'5427 8.05571 0.0773d
3 1.8944"-03 5.2696'400 NH 0.946Sb u.27000 0.72432 7.19677 0.1001)
4 4!.4Sj12'03 7.75390+00 Nm 0.95913 0.33300 0.7q777 5.73941 0.13900
% 3.07641-03 1.09?2"+01 NIA 0.96927 0.39900 0.t$241 4.S6465 0.18671
6 3.54401-03 1.3647*+'11 NM 0.97515 0.44800 0.68260 3.891214 U.22740
7 11.0640*-03 1.64194'+01 NM 0.97968 0.49400 0.90s10 3.35609 0.26962
8 4.6976"-03 t.9477"+O1 NM 0.9$327 0.53800 0.92257 2.94059 0.31374
9 S.2%44'-03 2.2183'i+01 Nm 0.98583 0.57500 0.9314A5 21.64330 0.3'3367

t0 5.785W-03 2.StiO"+0I NM 0,98810 U.61300 0.905bi 2.37956 u.39738
it 6.2912"-03 2.a478'*01 NM 0.99017 0.65300 0.95521 2.14007 u.40631
12 6.699d4"-03 3.13ma"*01 NM 0.9916b 0.68600 0.9h218 1.96729 0.46909
13 7.1794'-03 3.50949tf01 NM 0.94325 0.12600 U.qbyd19 1.78126 0.54386
14 7.5009"-03 3.7917*4'01 14H 0.99927 0.75500 0.97417 1.664841 0.56514
15 YO.929-03 4.1057"*+01 NM 0.99525 0.74600 0.97(36b 1.55032 0.63120
16 U.33261-03 4.11109"+01 NM 0.99609 U.81500 0.982d41 1.45318 ().67608
17 8.73601-03 i),77I7*+OI Nm 0.946%8 0.68000 0.95637 1.35297 0.12904
to 9.0944"-03 5.I005"*01 NM 0.99765 0.17790 0.98948 1.2709% 0.77731
19 9.4976*.03 5.3at0"t01 NM 0.99817 0.90100 0.99184 L.a1161 0.01848
20 9.9000*-03 5.6446"+01 NM 0.99663 0.92300 0.993A7 1.159)15 0.S5719
21I 1.03SS*-02 5.9398"tOl mm 0,99909 0.94700 0.99593 1.10600 0.90048
22 1.0912".02 6.16600+01 NM 0.99941 0.96500 0.99734 1.0682s u.93367
23 1.1565*-02 6.383b"+01 NM 0.99970 0.98200 0.99868 1.03427 0.96559
24 1.211W4-02 6.sl3s

m
+01 NM 0.94997 0.99200 0.99942 1.01%02 0.984,03

25 1.3414'-02 6.s91S"+41 NM 0.9q9997 0.99800 0.99996 1.n03?3 Q.99615
0 26 1.444S"-o2 6.61611*01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES yfml"f) ASSUME PaP)) AND VAN ORIE37



7104-A-1

-: 2.4 falling to 1.9 7104
R THETA X 10-3 : 20 - 40

_TW/TR : 1.05 APG - AW

Fixed symmetrical nozzle blow down wind tunnel, running time 15 sec., W - H - 0.229 m.

PO : 0.35 M/mr2. TO : 289 K. Air. RE/m X 10" 6 : 4.

WALURUP P.J. and SCHETZ J.A., 1971. An experimental investigation of a compressible turbulent boundary
layer subjitted to a systematic variation of adverse pressure gradients. Virginia Poly. Inst. VPI-E-71-18,
And Waltrup P.J., Schetz J.A., private communications.
Also Waltrup & Schetz (1973).

I The test boundary layer was formed on the bottom nozzle block and test section wall of the wind tunnel.
The highly polished instrumental section started at the end of the nozzle block (X - 0) and extended 0.23 m
downstream. Pressure gradients could be imposed by three ramps of the full tunnel width. These were mounted

In the centre of the tunnel as an extension of a plate running through the nozzle into the settling chamber
so as to eliminate leading edge disturbances. The resulting reflected wave pressure histories are listed

4 with the wall temperature histories in section D. The test layer had undergone a largely two dimens4onal

2 expansion in the nozzle, and all three imposed pressure gradients commenced at X - 22.2 me. Weak disturbances
were generated by the nozzle / wall junction (X - 0) and several small machining slope-discontinuities on the

3 ramps. It was believed that the effect was small, probably less than 1 % In Mach number. Spark schlieren
photographs clearly established that the boundary layer was turbulent. Changes of static pressure across

5 the test-surface were less then 1 % in the central 100 mm.
I

6 Static pressure was measured at up to 38 tappings of 0.78 mm diameterand wall temperature by means of
0,25 mm copper-constantan thermocouples press-fitted Into the test-surface at up to 15 stations. Wall shear
stress could be determined at three stations using a FEB copied from the NOL balance of Bruno, Yanta knd

Risher (1969). The element was rectangular ( hX - 12.7, AZ - 25.4 me) set across the centre line.

7 The Pitot probe used was a FPP made by flattening 3.2 mm diamoter tubing to give a rectangular probe tip for

which hI - 0.66, h2 - 0.254, b1 - 3.58, b2 w 3.2 mm. Total temperature was found with a STP (d1 - 1.57,
d2 - 0.97 am) containing a copper-constantan thermocouple bead 0.13 mm in diameter about 2.5 mm back from
the opening. The cone static probe was a 100 seami-angle cone with a base diameter of 1.6 mm and four static
holes (D - 0.33 ms) drilled in the conical surface about 3/4 of the way back from the tip. This was directly

calibrated and its sensitivity to angle of attack found in the wind tunnel, The total temperature probe was
calibrated directly for N between 1.95 and 2.36, results for lower Mach numbers being taken from an extra-
polation of the data of Hottel & Kalitinsky (1945). The various probes deflected under aerodynamic loading,

10 and a correction, found from photographs to be constant for each particular probe, was applied to allow for
this. Traverses were taken with a DISA type 56 F 31 boundary layer probe and associated commercial hot-wire
anemometer electronics at the X • 22.2 and 178 mm stations using ramp 2. The probe wire was of platinum
plated tungsten (d - 5 um, l/d 250).

8 The detailed disposition of all the wall measurmnent positions is to be found in figure 2 of Waltrup and

Schetz (1973). The four stations are at X - 22.2. 76.2. 127 and 178 mm. At the last three, provision for

inserting the FEB was made on the centre line. Profiles could be obtained at all four X-volues at points
12.7 mm off the centre line. Rows of 6-7 static pressure tappings and 3-4 thermocouples were arranged at
each station. Data from other X-values Is presented in section 0.

9 Pttot. static pressure and total teeperature profiles were taken on separate occasions. The authors have
interpolated the TO and P data to the Y values of the Pitot measurements. A polynominal approximation and
the Rayleigh-Pitot formula (Volluz 1961) were used to allow Mach number determinatio: without iteration.
The recovery factor used was 0.89.

12 The tables computed by the editors incorporate the varied calibration and data reduction procedures of the



7104-k-2

13 authors. The profiles presented consist of three sets for four successive X-stations. The first profile
in each set is very nearly the same, the X - 22.2 wm station being upstream of the start of the imposed
pressure gradient. The three succeeding stations of a set describe the development of the layer under an

14 adverse pressure gradient on a straight wall, the pressure history of each set being different. The wall
pressure and temperature data is presented in section D, together with the measured shear stress, Also

presented are the author's reduced hot-wire measurements.

§ DATA: 7104 0101-0304. Pitot, TO and P profiles measured separately. NX - 4. CF from FEB, Some hot-wire
measurements.

15 Editors' comments

The entry describes three APG flows of varied severity. Similar examples of nominally planar stralght-wall
compressions are Zwarts - CAT 7007 and Thomas - CAT 7401. Axistmnetric examples are Peake et al. - CAT 7102
and Lewis et al. - CAT 7201, As with all nominally planar cases, cross flow effects cannot be eliminated

with confidence.

The Mach number is low, and the flow near-adiabatic so that the rather simple approach to TO probe

calibrations is probably adequate. All TO profiles show an outer region overshoot. The static pressure
profiles show a dip of 10 % in the outer part of the layer. In a straight wall flow at these low Mach

numbers, streamline curvature, streamline divergence, and normal turbulent stresses are unlikely to
produce a dip of this magnitude. The location of the pressure drop suggests that it may be caused by
turbulence effects on the calibration of the static probe used, which is not of a common type for this
Mach number range.

The three test cases are intended to be distinguished by -ve, zero and +ve values of 8 p/6x2 . On a trans-

formed log-law plot we find that the outer regions of the profile do not differ very much from ZPG profiles,
but that there are sometimes peculiarities in the inner regions. The calculated PO values for the profiles
suggest that the D-state should be taken further out towards the free stream, and that measurements for
profiles 0101/3, 0203 should have been continued to hi'lher values of Y. Measurements do not extend within
the momentum deficit peak for 0101. 0102 and series 03.



7104-B-1

CAT 7104 hWALTRUP BOUNDARY CONDITIONS AND EVALUATED DATA. SI UNITS.

RUN MID TWTR ED424 CF M12 H112K P10 PD*
X a POD PN/PO REO2D Cc H32 1132K TWO TO'
RZ Ton SI * Di P12 H42 02K UD TR

71040101 2.3610 1.0437 1.S0304"04 NM 1.7794 1.4671 2.0717"+04 2.5959"+04
2.2225'-01 3.5709"*05 1.0292 2.8009"+04 NM 1.006 1.8007 2.8566"002 1.3693"+02
INFINTIE 2.S9901+02 0.0000 7.32800-04 NC 0,6803 7.4989"-D4 5.5394"+02 2.7372"+02

7101010? 2.0980 1.0391 1.7391*+04 1.3432"-03 3.5453 1.8069 4.01268"+4 3.7818"+04
7.K200'-02 3.4475"t05 1.0611 2.qlq91'04 NM 1.7413 1.7241 2.8620"+02 1.5398"+02
INFINITE 2.89530+02 0.0000 6.9553-04 NC -0.0296 9%1750"-04 5.21974"02 R,7143"02

71040103 I.q340 1.0367 2.IGR3,÷04 1.3136"-03 3.4991 1.5713 4.8298*+04 4.7712"÷04
t.170O"-Q1 3.36960+OS 1.0123 3.44030.04 NM 1.7414 1.7283 2.a617"+02 1.652?0+02
INFINITE 2.66411+02 0.6000 7.7712'-f04 NC -0.0165 1.02441-03 4.9850"+02 2.760s".02

71040104 1.1880 0.9800 2.61071+04 1,4036%-03 3.2447 1.5425 5.54690+04 5.40900+04
1.7760-o01 3.S2S0*01 1.0255 3.6360#04 NM 1.7359 1.7250 2.71210+02 1,6929"+02
INFINITE 2.69210•2 0.0000 .16061-04 NC -O.01s7 I.OSGO'-U3 4.909•'*02 2.7674"+02

71040201 2.3760 1.0446 1.1865'+04 NM 3.9479 1.4479 2.69590+04 2.SbO"+042.212S*=02 3.6022"*05 1,030• 2.2253"+04 NM 1.8076 1.7937 2.G591*÷02 1.36Q7*+02
INFItNIT 2,6970*t02 0.0000 S.:AIV6-04 NC -0.0161 7.7572*-04 5,5569"'02 2.73720÷02
2104olu0 2.2760 1.053 1.2001+004 1.NM930-03 4.1360 1.4787 2.8s5s9'0402.8S107+0J

7.200.-02 3.41143005 1.0121 2.18470+04 NM 1.7969 1.7627 2.86bl002 1.41840÷02
INFPNIIT 2.O990t02 0.0000 5.66670-04 NC -0.03a6 7.69701-04 5.4396"+02 2.7375t*o2

71040?03 211011 1.0100 1.6601*+04 1.3s39'.03 3.223 1.4902 3.74040+04 3.71631+04
1.27000I $.4412*+05 1.0065 2.8340t+04 NM 1.7769 1.7b37 2.8603"+02 1.S31i t02
INFINITE 2.69194#02 0.0000 6.7647*-04 NC -0.0279 9.0883"-04 5.i298s*02 2.7503"#02

7104Q2Q4 1.9500 1.0365 2.15tT 04 1.3439"-03 3.3440 1.5433 4.68838"+04 4.7609"+04
1.7780*-01 3.4466*65 1.0268 3.42131+04 NM 1.708 1.7121 2.4597"#02 1.6409"+02
INFINITE 2.88086,02 0.0000 7.6046"-04 NC -0.0517 9.6796*-04 5.0082÷+02 a.7590'902

71010301 2.3720 1.0406 1.11661#04 1NM 4.4248 1.4652 2.67l7"004 2.•0•2"+04
2.22250-02 3.64730#05 1.02SI ?.1036004 NM 1.6117 1.7977 2.8620"÷02 1.35780+02
INFINIIE 2.8657%402 0.0€:3 5.391S1-04 NC -0.0636 7.3380"-00 5.54164+u2 2.72681#v2

71040302 2.2970 1.0477 1.2274ov04 1.5686"-03 3.7779 1.4593 2.6613"04 2.7372004
7.9000-02 3.4067*005 1.0053 2.2368'#04 NM 1.6433 1.7680 2.8617t002 1.404no'02
INFINITI 2.8856"'02 0.0000 S.9146*-04 NC -0.0264 7.814S5"-u4 5.70*0U2 2.7315"#02

71040303 2.2200 1.0431 1.4625"*04 1.5009"-03 3.3980 1.4177 3.1716"÷04 3.0372"*0M
1.27000-01 3.3500'÷05 1.0443 2.56000÷04 NM 1.6023 1.7904 2.8600"402 1.4560÷*02
INFINITE 2.4912,a02 0.0000 6.4693*-0U NC 0.0309 8.630b"-U4 S.3709"+02 2.7419**02

71040304 Z,1240 I.042 1.6470*04 1.4097'-03 3.5375 1.4602 3.7680%*04 3.87640*04
I.?760.0l0 3.49230#05 1.0244 3.13664÷04 1I4 1.7769 107626 9.4612*+92 1.5196ma02
INFINITE 2.8906*+02 0.0000 7.4504"-04 NC -o.0274 q,642'-*04 5.A4964+02 2.?480"+02

INPUT 1AUN :JOT CF



7104-C-I

71040101 NALTRUP PIIOFILE TAIIULATIO14 27 POINTS, DELTA At PUIjNT 19

I PT2/P PpIn TW/OO fi/flo UfUD T/10) PHO/RHflU*1UuO

1 0.0(000"+0 1.0000"+'nO 1.o2922 0.890111 0.vq000 0.0u000 l.hi9662 0.00000
2 4A.672"-O4 3.Il1ad~fl0 1.02M2 0.703t63 0.b.Ofl'0 0.bt900 1.06091 U.lbou51
3 6.5652"-014 3.6314"tfl 1.02922 0.739F2 0.6S9954 0.4)77n0 i.o53644 .61
4 l45'l-0 1.h066too 1.O?92z 0.77228 U..70845 o.7?500 j.044727 0.71250
5 1.45'W-03 44.55531*00 1.02189i 0.8n231 0.75178 u.e700o 1.(1'Jq9 0.757441
4) 1 .0WO-O3 41 .6 ~4(," +n 1.0.'bsb 0.82952 o.78913 U.8)0300 1. .015'4 0.796) o
7 1.9837"-Ci S.23A8~tO0 1.02390 0.8447SS 0.81316 0.82600 1.031el? 0.81906
5 2.3597'-Ol 5.4712*+00 1.021?5 0.66300 0.83297 0.81100 1.02909 0.6365b,

*9 2.4a.4CW-0 S.T5fl7"80 1.00797 0.88)fq44 v.8%617 Q.89.7n0 1.025dI'4 U.65222
t0 i.606h"-Os b.nO93'"900 009M20 0.90311 v.bg136 Q.89300 1.(12091 0.8t)774
11 'i.l910*-03 6.39314*00 0.98008 0.9223b 0.9n7?0 U.91tloo h16727 U.06155
12 4.574)8"-03 b.h88R2"s00 0.47?177 0."4113 0.92968 U.93600 I.oIIAO 0.9o011
13 5.63880-03 7.1360#0s0 0.99.6a0 0.96207 0.M567 tu.9h0100 1.00909 0.91977
14 6.ZQW4-03 7.2010*.fl0 0.969446 0.97331 (4.9b7449 u.97100 1.00727 U.9305S4
15 6.8814*-03 7.38611tfl0 0097078 0.9841031 0.91107 Q.9A30D 1.0045b U.09449Q
16 1.5q4b"-03 7.Iiqfl6,tn0 0.q9775 0.99123 0.9eli20 0.49000 1.00364 0.96545
17 b.30540-03 7,%4591+00 o.9A938 0.903S0 U.992t0 U.9'Moo l.t,0112 0.911061
1S6 .96W2.03 7.6215'+00 0.9960? 0.99632 O*99755 U.99$fl 1.00091 0.99312

0 19 9.6770"-03 7.b5M6"+fl0 1.00000 1.OO0flO 1.00000 1.00f000 1.Quocu 1.00000
20 1.0369"-02 7.hA56*40U 1.01726 1.00000 1.00000 1.0000(4 1.1)0(10( 1.01720
i1 1.112%"-02 7.59150"+00 1.015A6 0.99622 0.99555 o.qqb('0 1.00091 1.010?8

*22 1.1735"-02 7.58n8"tOO 1.044117 0.99517 U.99445S 0.9950 1.100091 1.03502
23 1.2344l*-02 7.58n8"+00 1.6416448 0.99517 0.99455 0.99500 1.00u91 1.04030

*24 1.3030"-02 7.'SS23"nOo 1.054445 0.493s08 0.9415S .00 1.00091l 1.04012
25 1.36ql"-02 7.5454'4100 1.05110 0.9951s 0.99219 U.99300 1.440182 1.047110
?b 1.44300"-02 7.5459*100 L.06242 0.99351 O.90210 0.9n3ni) 1.00I182 1.05307
27 1.4035"-0 7.sao8l+00 1.57 .g9517 0.904-55 0.99500 1.00u91 1005

INPUT VARIAIILLS Y,U/UD,T/TflP/Pu

7to44010w 'ALTRUP PRnFTLE TABULATTAN 27 IUINTS# DF.LIA AT PUINT 20

1 y Plu/p F/F't To/TOD m/410 U/LJO 1/lD RIIO/RHCD*U/UI)

I 0.0D0+00" t.0o00"4no 1.09.108 0.9167S3 U.unoo V.0(0000 1.45667 0.00000
a 4.bqdp2A-00 l,55h3*+n0( 1.09.108 0.98yq0 0.39W1 11.s0141' 1.t50311. 0.324407
3 7.89904-04 1.6667t00I 1.Q6016 0.990412 U.04251 0.bjlolfl 1.6043Y 0.3%306
4 1.03311*-03 1.79924+nfl 1.051925 0.991%6 Q.45557 0.57200 1.S76112 u.3pa3$
s 1.26521-03 P.v2m2.+v0 1.098344 0.99300 l,504111 1.6?300 1.S?SA47 0ý4322e
6 I.b21,5-03 2.pb1aqil0n 1.V57443 0.9Q4460 0.544854 0.691000 1.47W~52 U.Q7703
7 1.7399"-03 P.44134"+00 1.0~sbS 0.99711 0.57295 0.69100 1.04sq5 0.50191
5 2.0752"-03 2.7029"+1)0 1.05469 O).99q#h 0..6I004 u.73300 1.44ob59 0.54"62
9 2.36?6"-03 2.8960"+00 1.uu923 1.00112 0.64604 0.75h0') 1.37t6.2 0.57773

10 2.667n"-03 1.19311*00 I1.0440~ 1.00131) 0.b8658 0.7920 1.33067 0.62S410
11 2.9972"-0)3 3.3609"+eo 1.03737 1.004263 0.70832 0.81000 1.lu7.4i 0.641250

*12 S~1*221..03 0.,4237'+00 1.024bi 1.00450 6.76411 0.8v,400 1.240o5 0.701844
13 44.2414"1-03 41.2315"+f)0 1.01732 1.00430 0.01114 0.01760 1.19580o 0.75461
104 M.90)22-01 4.702U'+00 1.004sh 1.00734 0.O613 4.9p220 1.145M5 0.801331
is i.140 .0'469"tao 1.00000 1.(00090 0.844645 0.944400 1.111BA9 0.85130
06 Cf.2l54"0l 5.39"0 4.9q562 1.00866 0.28 0.991200 1.1M 0.88349

l4 I.15946-0) 1). 037) 101, 0.9024 I61 st 0.9 #15 49059 0.9nbo4I00 I 1.0744 o.q4103

D25 1.8203-03 6.0154600n 1.00007 10.9987 0.9408 .90 0 1.(00999 1.01100
21 9.6MV-02 6.1115Pf0 I.0OM2 0.99972 0.06759l 0.9nalQ3 1100 1.0909 4.0926
22 1.00W1-0? o.0321",00 1.03099 0.99971 0.98907 0.qaawO 1.0n'ý00 1 .00687

INPUT VARIAIILES y,U/IJU,y/T0,p/po



7104-C(-2

71040103 WAL T UP PROFILE TABULATION 27 PO1INTS, DELTA AT PuINT 22

I y PTP/P 1 PCo TO I/Ion HMOi U /LILI T/10 RHOU/R~flLU/UD

I Unu.0000'0 I.00001tOu 1.01226 0q*991(3 0.40000u u.oo0fl 1.7113,4 l0.u000(1
2 b.10sa"-04 t.r9764'00 1.012711 ~0.9Q025 0.41087 Q.S3120 1.$5'49- u.15176
3 7.89941'-'4 1.657.1't00 1 .01228 0.914214 0.4.5 0 . Sl2 0 1 . ~13 01 0.37113Q
41 1,0fl4b'-03 1.7890''n0 1.u1228 0.9q330 41.490b9 oJ.505Ž) 1."17135 1,.4119144
5 1.451"-o3 1.04?6b'$u 1.01226 0.994111 0.528117 U.b1360 1.n370o 0.4'46iq

1. .473?"-03 P.979g4,00 1.012?0 fl.qq4118 O.SS7ql 41a)6240 1.411096 u.417W
7 1.09~3 2.2551,+00 1.012.18 0.4Q770 01.59254 0*4.bq400 I.SS4417 V.SIVS7
0 2.2%04"'-03 P.41130+00 1.0115b 0.90994 (1.62155 U.7?380 L.35b~lb 4.53992
9 Z.5400"-n3 2.606.2"+00 1.01012 1.u0060 O.b5482 01.7'3340 I.S2.4%7 u.S7'454
10 2,99?2"-0)3 2.7?19"4O0 1.gn3311 1.o0014 U.6815 v.77h11 1.19751 U.0flOA
It s.1132?-03 S.059T*+00 41,90639 1.U0111 0.725444 0.1.290 1.25'j67 0.114S04
12 3.9878*-03 3.10531+00 0.940461 1.00170 0.76067 O.nn'09' 1.22208 O.M6148
13 41.2926"-03 3.40080+,O0 0.98483 1.00395 0.78598 41.88110 1.?(0?78 0.70153
14 4.597i4"-03 3.7126"oo0 0.98338 1.00401 01.81542 0.844280 1.t7.i1e U..14067
15 4.*9784"'-03 3.0118"+00 0.97977 1.006741 0.84082 o.94210 1.151108 41.76784
lb 5.6642"-03 41.25M31+00 0.975413 1.00805 0.88216 Q.931010 1.11379 u.81535
17 6.4262"-03 41.5317'tfl0 0.97616 1.005i46 0"41528 0.951q14 1.()8049 0.85953
18 7.06W2-03 q.ebqq4'00 0.96121 1.00290 0.95301 0.97370 1.011390o 0.91521
19 7.b962'-03 5.0890"+00 0.9A338 1.00300 0.97b/8 11.94130 171 0.94985
20 8.4328"-03 5.24404"+00 0.98555 1.00173 0.99328 0.90700 1.U0750 0.97528
21 4.11abl-03 S.2668"#00 0.90566 1.00035 0.99795 0.99900 1.oO2Iu 41.90256

D 22a 9.6299"-03 5.30W'*00 1.00000 1.00000 1.410000 1.O00(40 1.woo0 1.00000
23 1.0si16-02 5.3055"M40 1.00361 1.0003o 11.99970 1.00000 1.410060 1.00301
24 1.12270-02 15.29986+00 1.00867 1.000341 0.9990D 01.94960 1.410120 1.0070b1
25 1.18621-02 5.2941**00 1.01084 1.00032 u.9985 0.99430 1.00160 1.00852
26 1.24197"-02 S.?s99.too 1.01662 1.00030 0.99481 0.99720 1.004171) 1.00903
27 1.31til"-02 S.2698"+00 1.01806 0.999414 0.9996 01.997410 1.00290 1.0124b1

INPUT VARIABLES YU/UD#T/TbP/PO

710401041 4,ALTRUP PROFILE TABULATION 27 POINTSe DELTA AT PU3NT 21

I y P72/P P/po TO/TOD Il-i0 M/ID 7/70 RMO/RHnD*U/UO

1 0.00001+00 1.00000+00 1.025449 0.93776 0.004100 0.000041 1.60205 V.000001
2 40.8800-04 1.56R21+00 1.02456 0.981383 0.441006 0.S3500 1.4178044 Q.37097
3 b.9650*-0(1 1.6178'tn0 1.02358 0.983GB 0.45606 0.55200 1.46500 0.38658
41 I.0109-03 1.7269"*00 1.02?31 0,98529 0.48833 0.5A600 1.414000 0.411b02
5 1.2649"-03 1.

8
Pj40*00 1.02103 0.98628 0.5?466 0.62300 1.411080 U.451141

6 1.5773*-03 2.0314"+00 1.01912 0.99704 0.56299 O.ofi400 1.301610 0.4486418
7 1.9710"-03 2.2130"400 1.01721 1.00100 0.60066 0.701100 1.3b2011 0.52354
8 2.6924"'.03 2.4025.00a 1.0t4102 1.00112 0.63b70 0.73400 1.3298(1 0.56004
9 s.aIP1-03 2.6543"#00 1.01020 1.00228 0.68418 0.77300 1.289041 0.605A1
10 3.53O6*.03 2.47W+~00 1.00765 1.002S7 U.1.1651 0.80300 1.25000 0.641422
11 1.5100"03 :2.4729"00 1.0046 1.00310! 0.77220 0:80600 1,22(1J0 0659
11 .3689"0-03 3.4259'*000 1.00441 1.04310 0.71220 (1.80100 1.204fluI 0.670733
13 S.0038"-03 3.5322"*flO 0.9q873 1.0059h 0.8135b 0.88000 1.170041 .75118

15 6.2230"-03 41.23SS*400 0.96053 1.08891l 0.90473 U.941500 1.64100 0.856241
16 6.6548'-03 4.4910*+00 0.9670)9 1.00639 0.93588 0.964100 1.061flo 0.89757
17 6.9342*.03 4.18S10+'00 0.96725 1.004176 (1.941662 0.97(100 1.051hMO U.91203
15 7.4930"-03 4.85614'00 0.96789 1.00439 01.97782 41.98900 1.0230Q1 0,95506
19 0.2042"-03 0.9610*00O 0.90853 1.00230 0.900%? 0.99500 1.01140 0.97286
20 8.?630*-03 S.0303*+00 41.90490 1.00059 0.99950 1.00000 .01 0.99391

D 21 9.3960"-03 5.05(14810 1.00000 1.00000 1.00000 1.004100 1,0o000 1.00000
22 9.7136*-Q% I.9608*.00 1.00637 1.00031 01.9A956 0.90400 1.00900 0.991(11
23 1.0056"-02 0.9432".O0 1.U1083 1.00065 0.96758 0.99300 1.01100 1.9q2841
24 1.0891*.02 4.42160400 1.01530 1,00100 0.98561 0.90?.00 1.01300 01.991125
25 l.14155*-02 4.4125"+00 1.01721 1.00076 0.98013 0.94100 1.01400 01.99414
a6 1.20651-02 4.99931+00 1.02167 1.00053 0.91826b 0.99000 1.01500 0,99651
27 1.272S5-02 4.Aei19400 1.023041 1.00086 0.96070 0.98000 1.017001 0.999741

INPUT YAOIABLES YIU/UDOT/TDP/P0



7104-1-1

SECTION 0 - ADDITIONAL DATA

NB FACSIMILE FROM SOURCE PAPER, AUTHORS' SYIMOLS AND UNITS

TABLE B- I
CAT 7104

WALL PRESSU•R:, TEMPEPRATURE, AND 0101-0104
SHEAR FOR RAMP 1

x(in.) Station P, Tw Tw 'TAW Tw

0o To a,,~ t(iL

0.00

0.873 1 0.0775 0.9889 0.0495
1.50 0,07S9 0.990S
2.OU 0.0890 0.9908
2.50 0.1078 0.9901
3.00 2 0.1164 0.9907 0.0434 0.0227
3.50 0.1222 0.9909
4.00 0.1286 0.9905
4.50 0.1350 0.9907
5.00 3 0.1401 0.9906 0,0391 0.0238
5.50 0.1443 0.9903
6.00 0.1491 0.9897
6.50 0.1555 0.9900
7.00 4 0.1609 0,9388 0.0353 0,0273
7.50 0.1668 0.9899
8.0 0.1727 0.9901
8,50 0.1819 0.9090
9.00 0.1871 0.9908

TABI.U1 B-VI
CAT 7104

WALL PRUSSURE, TEMPHRATURR, AND 0ao1-02o4
SHBAR FOR ",Jm? 2

x (in.) station P Tw Tw.TAw -

To "w (lb/i10)

0.00
0.875 1 0.0782 0.9897 0.0494
1.50 0.0779 0.9902
2.00 0.0757 0.9907
2.50 0.0762 0,9901
3.00 2 0.0837 0.9905 0.0A68 .02207
3.50 0.0945 0.9908
.00 0.0983 0.9910

4.SO 0,1077 0.9902
5.00 3 0.1085 0.9001 0.0415 .02'/0
5.50 0.1143 0.9898
6.00 0.1216 0.90889
6.50 0.1331 0.9900
7.00 4 0.1418 0.9899 0.0393 .0217
7.S0 0.1489 0.090A
8.00 0.1530 0.989S
8.50 0.1572 0.9901
9.00 0.1662 0.9902

.. ,1.'



7104-D.2

SECTION 0 (CONT.) - ADDITIONAL DATA

NB FACSIMILE FROM SOURCE PAPER: AUTHORS' SYMBOLS AND UNITS

TABIEI li-XI

WALL PRESSUWIR, TMIMIP.ATURL, AND CAT 7104

SitAR FOR RAMP 3 0301-0304

x (in.) Station Pw Tw TW'Taw

0.00
o0,75 1 0.0775 0.9907 0.0514
1.50 0.0763 0.9911
2.00 0.0773 0,9901
2.50 0.0803 0.9004
3.00 2 0.0830 0.9906 0,0492 0.0230
3.50 0.0875 0.9903
4.00 0.0898 0.9907
4.S0 0.0908 0.9906
5.00 3 0.0920 0.9900 0.0472 0,0229
S.50 0.0945 0.9911
6.00 0.0988 0.9908
6.SO 0,1053 0.9905
7.00 4 0.1093 0.9904 0.0413 0.0237
7.50 0.1171 0.9901
8,00 0,1204 0,9905
8.50 0,132.ý 0.9899

9,00 0.1418 0.9902

SECTION D - ADDITIONAL DATA

NB FACSIMILE FROM SOURCE PAPER: AUTHORS' SYMBOLS AND UNITS

7104 TABL ll-XV 7104

0201 10ol W1RL W!ASUPl:M1N'lS 0204

RAMP 2, STATION 1 fA.U' 2 !,VIA1ION 4

. pu/po U IV--- iA y pu/%U, 4j7'1 i

.0846 .609 .0524 .0787 ,0M ,0(79

.116 .076 .0495 .111 .601 .071•

.150 .738 ,0408 .341 .608 .072r

.189 .801 .042,9 .169 .00 t,77

.213 .841 .0370 .704 .o0 s .

1221 ,896 ,031. .218 .84h .0476

.276 '903 .0252 .267 .930• .0370

.311 .962 .050 5300 ,916 .0317

.339 .gs0 .0103 .330 .9%V? .0.2)1

.378 1.000 .00625 ,342 .997 .0136

,419 1.011 ,0044Y ,367 1.000 .0088S



7105-A-1

axisymmetric 7105
R THETA X 10'3 : 2-4

TW/TR : 0.2 FPG - SHT

Axially symmetric blow down tunnel. Effectively continuous. O - 0.406 m.
29 < PO < 55 MN//m2 . TO : 1780 K. Nitrogen. 2 < RE/m X 10-6 < 3.

BECKWITH IE., HARVEY W.D. and CLARK F.L. 1971. Comparisons of turbulent boundary layer measurements
at Mach number 19.5 with theory and an assessment of probe errors. NASA TN D-6192.
And Harvey M.D., private communications, Harvey & Clerk (1972).

I The test boundary layer was formed on the well of a contoured axi symmetric nozzle approximately 2.25 m
long from throat to exit. Profiles were measured at a single station near the nozzle exit end 2,083 m
axially from the throat (XoO) at which the wall was Inclined to the axis at 3.50. The nozzle wall was
finished to 0.4 urm and was actively cooled. Some disturbances in the flow originate from the nozzle wall

in the neighbourhood of the contour point of inflection. There was a mean axial decrease in Mach number
in the vicinity of the survey station of about 1.64 /m, where the radius of curvature in the longitudinal

3 direction was about 32 m. Transition occurred naturally, and the boundary layer was believed to be turbulent
over the full nozzle length except possibly In the immediate throat regionwhere calculations indicated

4 that laminarisation could have occurred (PC and source, figure 12), The available wall pressure history
is given In table I below, The wall temperature was kept nearly constant In the cooled part of the nozzle

extending from X - 0.145 m downstream of the throat, at about 0.17 TO (330-300 K) but the high heat trans-

fer rates in the th,'oat region caused the wall temperature to reach an estimated value of about 0.8 TO.

5 Limited Pitot surveys were made on the opposite side of the nozzle at the 2,083 mv station, and the results

confirmed the axisymmetric nature of the flow.

6 Wall static pressure was measured at the stations listed in table 1 with holes 2.3 mm in diameter. Thermo-

couples used to monitor TW were placed at 0,305 m Intervals along the nozzle, embedded 2.4 mm from the test
surface.

7 The profile data as presented was all obtained with a single TPP (FPP) and a single TTP (FWP). Other probes

were used however In assessing the correction procedures and all are discussed here, The FPP (h1 - 0.28,
h2 0 0.13, b1 a 3.81, b2 • 3.66, 1 - 31.9 mm) was mounted on a rake which also carried 2 CPP (d 1 0 3,18,
d2 a 2.3, 1 (E) • 45 and 60 mm) separated in the V-direction by 25,4 mm. The FPP could be replaced by the

FWP (d • 0.25, b * 6.35, 1 (E) * 10 me). The FWP was an unshielded 0.25 mm chromel-alumel thermocouple
wire placed perpendirular to the flow and the profile normal. In addition to the central junction, two
subsidiary junctions were established at the ends of the crosiflow wire to allow a proper conduction and

radiation correction procedure (Appendix A, source), which was applied to all observations. Static pressure
profiles were obtained with a CCP ( an 17.60 semi angle, d • 3.18, 11 • 50.8, 1 (E) w 100 mu) with four
static holes (d * 0.78 mu) aligned on the diameters noretl to and parallel to the wall.

8 All profile measurements were made normal to the well at an axial distance of 2,083 m from the throat.
The static holes In the CCP were on the sam normal, as was the relevant static hole. The TO and PT2 profiles

g were taken on separate occasions and with a great many data points. All readings ware normalized with the
Instantaneous tunnel reservoir conditions, which varied by up to 9 % during a two hour run, The profiles

presented are obtained from faired curves through the corrected profile data, at greater Y-intervals than
the original readings.

10 A major topic of the source paper Is probe correction procedures. In the wall region, the viscous and
rarefaction effects on the Pitot data involve correction factors of up to 2,14 ea assessed by the authors.
These completely outweigh the other possible corrections to that no adjustments have been made for wall
proximity, shear displacement, therml diffusion or turbulence effects. The corrections applied exceed

10 % for y/8 less then 0.4 - 0,5, Corrections to the TO data would be more properly described as a calib-
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ration procedure, They may be summarised as amounting to findihg a probe recovery factor of about C.7 to
0.75 when the probe and its support are in a flow region where the total temperature is reasonably uniform.
Conduction and radiation corrections were applied to all data however, and close to the wall where the

probe was at a markedly lower temperature than the support, these were large and resulted In an effective
recovery factor near one. The authors found large differences between the static pressure found at the wall
and that calculated from PT2 measurements in the inviscid core. This was investigated with the CCP. the
readings being corrected for bluntness and viscous-induced pressure effects after Bertram & Blackstock (1961).
The surface temperature of the probe was estimated, assuming a linear variation of probe temperature with
distance from 0,2 TO at the wall to 0.6 TO at the boundary layer edge. The resultant profile matches closely
the static pressure values outside the boundary layer as predicted by a characteristics solution starting
from the axial Mach number distribution. Both however lie about 20 % below the value found from Pitot
measurements. A better match was found by using only the first order correction of Behrens (1963) (Source,
fig. 7). Because of the very large correction factors involved (greater then 2) these static pressure
distributions were not used in the profiles as presented by the authors, who instead assumed that P falls

linearly with distance to PD. The authors present Mach number profiles computed on this basis with, for
comparison, a profile with an alternative artificial static pressure distribution which represents the data

11 in the well region more exactly (Source figure Si). The viscosity of Nitrogen was computed from equation 44

of Ahtye and Pang (1962).

12 The editors have first presented the profiles in the authors' final, corrected form, with the linear static
pressure distribution, The edge stagnation state has been arbitrarily set to the nominal tunnel reservoir
conditions. We have also reconstrcted the authors' corrected static pressure distribution by scaling the
data from figure 7 of the source paper. This, together with the authors' corrected TO data, was interpolated

13 to the V stations of the original Pitot measurements, and the revised profile 0201 is presented as 0201 P.
The interpolation procedure introduces no additional uncertainty or error at greater than 2 t, except in

those regions where the original data are themselves uncertain. 0201 P therefore reports all the original,
14 unsmoothed, Pitot date, in conjunction with smoothed P and TO data. The authors originally determined a CF

value from the Mach number gradient at the wall. A later paper (Harvey A Clark 1972) describes shear stress
8 measurements made at X - 2.28 m, that Is 0.117 m downstream of the profile station. The balance used was
6 an FEB for which the element diameter was 12.7 mm, with a peripheral gap of 0.076 mm, as described by

12 Paros (1270). The editors have interpolated these measurements on the basis of the authors' R THETA values
so As to give CF date in association with the profiles. For profiles 0201, 0301 the values are similar to
the profile-derived values, but there is marked disagreement for profile 0101. The authors remark on the
possibility that this arises from the large Pitot tube errors involved (se § 10 above). The CQ value
presented with the profiles Is that derived by the authors from the limiting slope of the corrected
TO profile.

SDATA: 7101 0101-0301, (1201 P. Pitot, TO and P profiles sparately. "X m 1. CF from FEB In later experiment,

15 Editors' comments

The measurements presented here, with the addition of the later shear stress measurements, provide the only
functionally complete description of the mean flow in a hypersonic boundary layer subject to substantial
normal pressure gradients. The extent to which probe measurements required correction Is such that a user

should not refine too much upon any precise numerical value, but the qualitative picture Is probably complete.

Attention is drawn to figure 7 of the source paper in particular, Here the problems of static pressure
measurement in hypersonic conditions are graphically displayed. The profile tables for 0201 P assume that the
final adjusted static pressure variation Is correctb but since the adjustments are so large, with calibration

factors of up to 2, the accuracy is not high. A variation of this kind is, however, easily explained by a
cLmbination of the effects of streamline curvature and the separate contributions to normal stress of mean
static pressure and normal Reynolds stress. A very similar variation is reported by Fischer at al. - CAT 7001
and comeparison should be made between 710S0201 P and 70010104. Kemp I Owen - CAT 7206 made no static pressure

easureoments, and also assumed a linear variation of P from PW to P0. Their data should show, even more
markedly, a pressure variation like to that of 0201 P as their range extends to even higher Mach numbers.



7105-A-3

For many purposes the assumed static pressure variation used by the authors and retained for the data

tables of 0101-0301 will not introduce too great a level of inaccuracy. It is unfortunptely not possible

to make a direct comparison with 0201P, for which the measured static profile was used, as the static

pressure values in the free stream differ quite markedly. We have chosen to prepare 0201P assuming that

the reported PT2 and P values are correct. As a consequence, the POD value which is calculated from

tham on the assumption that the D-point is outside the boundary layer is much higher than the measured

tunnel reservoir pressure. (The appropriate small difference normal shock equation for very high Mach

number is
dPo dpt 2  1

so that a relatively modest underestimate of the value of P0 results in a noticeably high value of POD).

The profiles 0101-0301 with assumed P(Y) are from smoothed curves, 0201 P has all original date points

and will show scatter despitt interpolated P and TO values. Using van Driest coordinates no log-law

region exibts and the profil.,s show - at least in the inner ?egion - a transitional behaviour,

TABLE 1: WALL AND FREE STREAM STATIC PRESSURE

POR - Reservoir pressure

P INF - 'Free stream' static pressure at x - 2.057 m from Pitot measurements.

7105 0101 0201 0301

x -RZ PW PW PW
(m) (im) (N/ma) (N/ma) (N/ma)

0.610 95,9 68.6 91.4 120.0

0.991 133,4 32.4 41.0 65.6
1.219 150.8 22,4 31.0 40,3

1,624 170.1 17,6 23.4 31.4

1.702 179.7 16.6 20.0 27.2
1.969 192.3 13.1 16.9 22.4

2.057 196.0 16.2 17.2 22.1

POR (l'/ma) 29.65 43.09 55.50
P INF (N/mi) 7.93 10.69 13.45

NB NORMALISED VALUES
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CAT ?105 BECKWITH BIOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD * TW/yR REO2W Cf * 112 H412K P11* PD*

x POD** PW/PD RIEOD Co * 132 14324 11* TO

Al TOD* SW * 02 PIZ* M492 02K UD TO

7105glot 1q.2600 0.1990 2:1370"*02 4I.900:".04 37.9916 2.3995 1:1611"401 708693'+00

2.0830"#00 2.9?000#07 t.MS 2 3044"*+03 1.140 0-04 1.6099 1.6327 3 00000t02 2.2340+0*1

71010201 19.4200 0.1676 3.5030+*02 'I.6000*-OA 25.1911 2.3201 1.67660+01 1.1030"+Qi

2.0630msoo '.31001#07 1.S139 3.76099003 a 0600"-04 1.6167 1.65s0 3.00001+02 2.3290"+Ol

-1.9750"-0l1 .78000+03 1.fl000 2.0567"-03 -6,7667*+Qt 1.5567 9.a971*-u3 1.909S"+03 1.59730+03

71050301 19.6500 0.0822 3.2319"02I 4.6000*-04 31.J863 1.26Gb 2.16450+01 1.3098".0I

2.06300+00 S.S100',07 1.6515 S.39770#03 1.67000-04 1.6377 1.6783 3.0000*0+0 2.34561t01

-1.97'j01-01 1.6350.03 1.0000 I.S&26"-03 -O.?135*+Ot 1.073S 7.7165*-03 1,93900+03 1*64b6"003

TIOIOZOIP 21.7700 0.1973 2.046210+02 4.359"*-04 41.04115 1.3112 1.6760'0+0 8.7693m0oo

*2.00301+00 7.Sb00N+07 1.4069 3.27130+03 2.0600"-04 1.8111 1.6621 3.09000+02 1.7690#*01

-1.97soo-o1 1.69500+03 1.0000 1.0067*-03 -1.1869"402 1.0436 64S711"-03 1.6658*+03 1.520b"*03

POD IS INPUT FOR 0101-0301. PD IS INPUT FOR 0201P,

EVALUATLO DATA - CSRIjRE RASED REPEPENCE FLOWI

*RUN clapo M12PD H~lPI. H'.PO RE02POD mtIlPON OSTAR
DlPH HIMP Huapl 1; Po MR NDiPwo Nto~low1

71050101 1.7037'-03 41.82S0 1.6094 ;#44l61 1 31310403 2906021+0a *j.71?V'0?
163016"-03 q071740 1.6091 1.'4OA4 a:31200+03 1,C0196*+Qa

71010101 Z.u613-0 35.1465 1.66 .61 37b~0 3 . +OR40 .35'
1.5439".01 1244767 1.0171, 1.5197'l !:'7' 6003 3.4331 5.35510

71050301 1.1759*-03 4D.34
9
3 t.6364 1.4 060 3 3416,03 341101'011 54246OW-02

1.1007"-Os 42.9610 1.6369 1.41761 3: 30A44*03 'Iql~I40910 2

TICOSWIP 1.4093"-Ol 51.4166 1.63 1.00 .BO 03 2.316I30+01 1.72650-01
6.6941"-94 '6.9629 1.862211 1.Ml3.139q0#03 2.3606"+,02
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71050101 BECKl"1I1 WFI~LE TABULATITON 24 POINTS# DLT1A AT PuIrJT 24

I y P72/P P/pfl To/TOD "(/540 U/UD) T/TISY RHO/PI4OU*U/UD

1 0.O0000"400 1.0000**00 1.4S535 0.17857 0.V00000 o.uOOOv 13.42b7o 0.000n0
1 2.0160*-03 1.41113+00 1.44537 0.122140 0.01734 0.11I510 15.10500 0.01389
3 l.1b80'..03 1.62741+00 1.42451 0.32328 0.044710 Q.20630 i2.lsoo0 U.01389
LI 1.2?08*-02 2.1771"+00 1.'40410 0.40050 0.051q9 u.271470 24.10000 0.02659
5 L.7a4n".02 3.59311+00 1.3t369 0.48609 0.08031 u.SQQ30 24.72u00 v.Q2235
b 2.24O00*02 6.120"+004 1.362A13 O.IJ944e V.20881 0.S3061) 23.7F0664 0.03002i
7 2.7440"-02 .17.0 1.34242 0.70108 0.120.25 0.o5350 21.01000 0.04172
B 1.2S92"-02 I1.9q4"+QI 1.32155 0.77039 0.28029 0.74290 16.971040 0.05782
9 3.7632*-02 P.4722"+OI 1.30114 0.622513 11.22516 0.81160 12.97000o 0.08142

10 'I.2764"-02 3.,s71f+l~0 1,20028 0.5405q n5.0201 Q.651890 9.74000 0.11158
It dI.76241-02 5.2I02"+O1 1.2590n7 0.83515 0.329tU 0.81.760 6.95000 0.15728
12 S.2976*.02 704o11"01 1.23001 0.8?376 0.40657 0.878160 4.67000 0.23310
13 5.8016*-02 1.1301*+02 1.21660 0.8?722 0.48737 0.09070 3.34000 Q.32497
24 6.366*".0? 1.48761+02 1.09774 0.84713 u.S6723 0.9fl710 2.h5V00 0.40949
IS 6.8208".02 1.W800'f2 2.17733 0.86569 0.6266b 0.92140 2.16060 0.502nD
16 ?.3246"-02 2.3105'+02 1.15602 0.08630 0.60483 l0.95480 1.711000 0.59751
27 ?.8400'0-02 2.74180+02 2.13606 0.8q721 0.75703 0.94250 1.550n0 0.69080
to b.34405-01 3.2371*+02 1.12565 0.91641 ([.80985 0.9154A0 1.59000 0.76635
19 6.6592*-02 3.5667'7102 1.045174 0.93699 0.46384 0.VhbA0 1.25000 0.84586
20 9.3632*-02 S.4792',02 1.07438 0.95122 0.91223 0.97400 1.14000 0.91793
21 9.6784"-02 4.3926'*02 1*045.52 0.96565 I.95853 U.911220 1.05100 0.96549
12 I.0362*-01 dl.6123*+02 1.03311 0.974A4 0.9A22O0 .9AIo 1.02100l 2.00968
23 2.08861-01 4o7616"*ft& 2.0i217 0.96649 0.q9820 U.99320 0.aq000 1.01S97

0 14 1.1200*.01 4,78W+.02 1.00000 1.00000 2.00000 L.00000 2.00000 1.00000

INPUT VARtIABLE$ Y/DELTApU/UU#T/TO P/PDoPN/PD+(I.P'i4/PO3*Y

72050201 BECKWITHi PftOME TA71ULATIDN 21 POINTS$ UELTA AT POINT 21

I v P72/P P/PD TO/TOO M/HnI U/UD T/lO RHO/RNOU*LJU

I 0.0000.0oo 140000"fo0 1.5191.3 0.16854 0.00000 0.u40000 12.69200 0.00000
2 i.*0022"-03 1416471#00 1.50847 0.24a31 0.02430 0.M030 17.73M0 0.00870
3 b.30741-03 1.5597"400 1.0467 0.30633 0.04237 0.19M4 a0.62000 0.01385
4 1.1383"-02 2.7901m*00 1.4S662 0.41698 0.06516 01.33110 a3.60u00 0.020414

s .6410"-02 5.3713$,00 1.02861 0.55420 0.1002b 0.49210 24.09VO0 0.02918
6 2.S216"-Qi 9,72%Bmt00 1.40056 0.65097 0.13800 0.42360 9Q.42060 0.04277

7 2.6153".01 a.2laa"+O1 1.37261 0.69790 0.10673 0.73470 22.60000 0.079ACA
6 3.2659-02 3.42211#01 2.34455 0.73768 o.a6366 0.7923o 9.03000 0.127q7
9 3.67W.-02 9.4790'0"t1 2.31660 0.M214 o.33446 0.82000 6.02000 u.1796ii

10 4.1753"-01 6,2507"#01 1.a866 0.75531 0.41105 U.811240 4.?0000 0.25846
11 4.68400-0a 1,1764*#02 1.2606S 0 77803, 0.49123 0.86490 3.210oo 0.35272
la 5.1688"-02 1.592R**0l 2.23275 0.768540 0.57261 0.86500 2.29000 0.46565

13 5.6983"-9a 2.01t2.0+0 1.10459 0.76164 0.6426.3 .067670 1.86000 0.56718
14 6.20400-02 2.4347*001 1.17664 0.54668 0.70743 0.92420 2.6000 (0.64411
Is 6.7116'-0l 1.8540,t02 2.14659 0.66933 0.76546 0.92810 1,47060 0.721117
16 1.2192*-02 3.2927**02 1412013 0.91963 0.62206 0.9S614 1.311000 0.79159
17 7.26.l 1.7720"012 1404246 0.94232 0.84082 0.96840 1.22000 0.87479
16 8.2l56-02 4.2715*410 1.06S46 0.915997 0.93762 0.97M9 2.09040 0.95686
19 8.7420"-Ol 4.654.0*+02 2.0063? 0.99658 0.97862 0.99b00 1,04000 0.994SI
A0 9.24964-01 46.080+0.2 1.00831 0.99616 0.99404 0.99090 k.01000 0.49733

0 aI 95.40000-01 4.4601'0+0 1.00000 1.00000 1.00000 2.00000 1.00040 1.090000

INPUT VAR4IBLES VIDELTAsU/UD0/1D P/P~vPW/Pu+(I-pN/iPo)*Y
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71050301 BECKkIITH PROFILE TANULATICIN 20 lJO1NT8, DELTA AT POINT 20

I Y PT2/P P/iPf 1'0/TOD H/Mo U/uD Y/Ifl *I¶/RIIOD'U/Uo

1 0.00o00*00 1.0000*+00 1.65254 0.16349 0.00000 0.00000 12.78a7S 0.00000
2 iR.024-Ol 1.1625*+00 1.63727 0.22608 0.02366 U.09820 16.9'4000 u.00949
1 7.IIU3*-Ol 1.alsslfo0 1.59890 0.36351 0.014905 0.244.70 25.30000 0.01559
4 9.6534'-03 2.9006*+Oo 1.5797? 0.49602 0.06905 0.36770 28.36000 0.02048
5 1 4740::02 8.i9Iq"to 1.54135 0.602 0.10712 0.55310 26.660n0 0.03198

8 3.0007"-01 4.20ft5'*01 1.41618 0.79654 0.28928 0.&3540 &.35o00 0.14277
9 3.5093*-O2 6.5029"t0I 1.38701 0.80610 0.36030 0.66190 5.72000o 0.20912
10 4I.0179"-02 9.51501+01 1.34944 0.32131 0.43642 0.86260 4.09400 0.99120
It 4.5265*-02 1.3377"+02 1.31107 0.83250 0.51783 0.89690 3.00000 0.39197
12 b.0360"-02 1.74SAI*02 1.27263 0.65671 0.59173 0.9t460 2.39000 0.48711
13 5.5446"-02 2.1668'*02 1423426 0.87884 4666253 0.92990 1.97Q00 0.18261
14 8.0533p-oa 2.6181',02 1.19S89 0.90118 0.73097 0.94410 1.87M0 0.67607
Is 6.56816-02 3.15991+02 1.15746 0.92703 0.79666 0.913930 1.00900 0.78578
lb 7.07144-02 3.64450*02 1.11909 0.95018 0.85814 0.97250 1.29000 0.0436%
17 7.ISOO'-02 4.1611't(12 1406072 0.97226 0.91436 0.08460 1.18000 0.91749
16 6.0866'-02 4.6079%#02 1.04235 0.96a49 0.96225 0.99070 1.06000 0.97020
19 6.59721-02 4.45420#02 1.00398 0.99631 0.96617 0.90800 1.02000 0.96233

0 10 8.6500"-02 4.47620402 1.000000 1.00000 1.00000 1.00000 3.00000 L.00000

INPUT VARIABLES YfDELTAtU/UD#Y/TO P/PDNPN/Po+Cl-PW/Pfl)*Y

71050410OIP BECKWITHI PROFILE TABUL.ATION 44 POINTSo DELTA AT POINT 43

*I v P71/P P/PD TWO/T N/MO tJ/UD Y/TO RH0/RH0D*U/UD

1 0.00000+00 1.00000+00 1.90866 0.17699 0,00000 0.00000 16.9s336 0.00000
2 2.7430"-03 l.2066%*00 1.90888 0.26200 0.01412 0.l17b1 23.76494 0.00943
3 5.26301-03 1.41,400+00 1069216 0.30800 0003316 0.17067 26.54337 0J.01216
4 7.81300-03 1.779144+00 1.56675 0.35300 0.04338 0.23229 26.69741 0.01508
S 1.03631-02 I.SOev1+oo 1.61371 0.41000 0.05468 0.31101 30.10412 0.01874
8 1.2903'-0l 3.3794",00 1.71549 0.47300 0.06849 0.38355 31.36269 0.01098
7 1.5443".02 5.07410+00 1.80784 0.51000 0.0866)3 0.4806b 30.76338 0.91511
* l.Y7al*-@1 7.8109,0+0 1,431W7 0.62200 0.10960 0.57649 27.0ki901 0.02962
9 9.0123".02 1.0901+01 1634804 0.87600 0.13114 0.65070 24.61051 0.035b3
10 2.30631-02 1.31976+01 1.17951 0471100 0.14644 0.603%8 120.4967 0.03936
11 2.56030-021 .90090+01 1.21549 0.74100 0.17414 0.746111 1.03170 0.0497a
%a 2.61430-02 I.sb20*+O1 1.16176 0.76100 0.10303 0.76251 34.65437 0.06120
13 1.0663*-Oa 3.4547'0+0 1.10784 0.17700 0.23647 0.61213 11.74776 0.07627
14 3.312al'02 4.7160~0t1 1.06661 0.76100 0.2,699 0.63496 q.00348 0.09840
IS1 .576P-01 6.12a6l*#o 1401941 0.78500 0.31824 0.84761 7.09401 0.12300
16 3.53030-02 7.4377'10t 0.99510 0.78600 0.34851 0.65%96 6.03235 0.14120
17 4.06434-02 S.44400401 0.9656V 0.09200 0.30188 0.06642 5.116,55 0.1b199
30 4.3383"-02 1607016#61 0.94608 0.80000 0.41787 0.67314 4.38607 0.16920
39 4.9193'0-0 .31574040a 0.43137 0.50900 0.47083 0.66340 3.0*033, 0.23)72
t0 4.5465*-02 1.67798+02 0.9166? 0.61400 0.52388 0.69001 2.68684 .46243~
at S1.003*"02 1.04130#02 0.9#0666 0.81900 0.57786 0.69571 2.40064 0.33600
at S.314s*-0l 2.32354402 0.90686 0.62400 0.61644 0.90011 a.11206 0.38295
R3 S.601111-021 .5717N#01 0.001986 0.63600 0.64580 0.90641 1.96374 0.41746
24 S.66AP-02 2.490040402 0.90646 0.65300 0.86784 0.91717 1.77901 0.46754
2S 6.163"3.01 361010"02 0.9t867 0.87100 0.7t245 OMNI%5 1.69877 0.10107
a4 6.37034-02 3.4634.0 0.9*157 0.88800 0.75287 0.93680 1.155425 0.15653
A7 6.6243"-01 3.68204#02 0.931827 0.90100 0.77630 0.94598 1.464607 0.Sq944
as6 .6783*-02 3.91A3',02 0.95048 0.91000 0.60064 0.94116 1.41334 0.6i0091
29 7.1304-.01 4.14659t02 0.96549 0092400 0.6240? 0.95669 1.35396 U.66391
30 7.14631-02 4.310226#02 0.96039 0.93600 0.64796 0.96550 1.29647 0.73012
33 7.6403"-02 4.16,10*02 0,99SI0 0.94600 0.86449 0.97394 1.a8403 0.711,35
312 1.643*.02 1.06P66+02 1.00000 0.95400 0.91043 0.975686 1.14044 0.64954
13 0.1443*-01 5.11691+02 1.00960 0.48300 0.93548 0.96004 1.14671 0.66319
14 6.4023"-0i1 .3514142 1.03471 0.97000 0.93431 0.98414 1.30950 0.90008
IS 8.6463*.Da 1.8990.0l9 1.01941 0.97600 0.98401 0.966817 1.04728 Q.98147
34 0.9103*-0l 1.83524+02 1.01981i 0.96300 0.97749 0.99122 1.02829 U.98286i
37 9.16431-01 q.912*l+fl2 1.03961 0.99000 0.96392 0.94481 1.022a7 0.9a213
16 9.4163"-0l 6.0174"+02 3.03471 0.14600 0.99265 0.94792 1.01065 1.90093
39 9.6721*-02 6.0%084+02 3.00960 1.00000 0.99514 0.99995 1.0091% 1.900600
40 9.9863*-0l 6.03414+02 3.00960 1.04400 0.99403 0.99#964 1.01392 0.99764
41 1.0180*-0I 6.0506*+02 1.009R0 1.00000 0.99541 0,909095 1.0091% 1.00040
42 1.0414"-01 6.163@01+2 1.00490 1.00000 1,00419 1.00001 0.99Q97 3.01431

0 43 1.09426-01 66100,44"a 1.00000 1.00000 1.00000 1.00000 3.060000 1.00000
44 1.1410*-01 64.443*+01 0.99020 1.00000 0499495 0.9q9s9 k.01006 0.98027

INPUT VARKABLLS Y#P/POIINTO/TOD
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axisymmetric M 4, falling to 2.4

_ _ - then risinq to 3.7 (Series 01).
"- - --- :4, ZPG (Series 02). ZPG - APG - FPG

R THETA X 10"3 : 4 - 14. (ZPG)

lW / TR 1. AW

Continuous tunnel with symmetrical flexible nozzle, W * H - I m. L - 5 m.
PO : 496 (1 3.5) KN/m2. TO ! 318 (1 1) K. Air: Dew point 239-247 K. RE/m X 10' 6  20 at M - 4.

LEWIS J.E., GRAN R,L. and KUBOTA T,, 1972. An experiment on the adiabatic compressible turbulent
boundary layer in adverse and favourable pressure gradients. J., Fluid Mach, 51, 657-672.

And Oran R.L., private communications,

1 The tests were performed on the inner su'rface of a cylinder (0 • 0,508, L • 1.3 m) mounted on the centre
line of the windtunnel. A pressure gradient could be imposed by a centre-body, itself hollow, causing the
streamwise pressure variation tabulated in section B. The leading edge of the cylinder (X - 0) was
chamfered on the outside at 110 with a nose radius of 0.05 mm, The profiles were measured in the range
0,2S <X <0.88 m. Maximum deviation from a straight generator was less than 5 x 10.4 m/m in the test-area
with no local slope exceeding 0.060. Surface roughness was less than 2,5 pm. The test-surface was not
cooled, the greatest departure of TW from TR being 2.5 % at the pressure maximum (X . 0.47 m). Tunnel

2 calibration tests gave the empty-tunnel Mach number as 4.026 (+ 0,022, - 0.026).

3 The boundary layer was tripped 3 mm back from the leading edge using 0,15 mm thick fibre-glass tape with
a serrated upstream edge. Transition is believed to have been complete upstream of X • 0.204 m, the

5 upstream limit for measurements. Static pressure and heat-transfer measurements made at three streamwise
stations showed the flow to be uniform round the circumference, and good agreement was reached in a

streaewise momentum balance,

6 Static holes (diameter 0.51 mm) were drilled alonq one generator from X w 50.8 to 1016 mm at 12.7 mm
8 intervals, with additional holes at 6.35 mm intervals between X w 356 and 635 mm. Additional tappingh

were also distributed circumferentially at 450 Intervals for X - 63,5, 444 and 673 m. Wall temperature
was found from the heat-flux gauges (see below) and checked using four thermocouples, Stsnton tubes were
mointed on generators 8,6 to either side of the PW generator at nominal 25.4 mm intervals from X . 51
to X 9 965 rvn. The tubes were formed by placinq a 4,8 mm square piece of thin metal, with a sharp leading
edge chamfered at 60 on the underside, approximately 0.61 mm ahead of the centre-line of a 0.51 mm
diameter static hole. The side and back edges of the thin plate were sealed, The Stanton tube heights
were within the range 0,12< h4 0,21 mm. Steady state heat-flux meters after Gardon (1960) were mounted on
a generator 60 from the PW generator, Gauges of 6.35 mm diameter were placed at nominal 25,4 mm intervals

from X - 50.8 to 1016 mm exctpt between X a 356 and 661 mm where qauges of 3.18 mm diameter were placed
at 12.7 mm interval%.

7 Traverses were made with Pitot, TO and P-probea, The transducer attached to the latter failed so that
P-traverse measumeiieta were not used. The TTP (d, • 1.52 mm, I • 29 mm) was of STP type, inclined at
1O0 to the wall. The TPP was an FPP (hi I 0.46 mm, bi . 2.1 mm, I v 15.2 noa) formed by flattening a 1.6m

8 diameter tube, and inclined at 60 to the wall. All traverses for a given X-value were made simultaneously,
with the PO traverse over the PW generator and the TO and P traverses slightly to either side. The X-value

9 was the same for all three within 0.6 mm, The TO data points wore interpolated to the Y values of the PO
measuroments, The PW (X) data were fitted to analytic expressions for interpolation where necessary.

10 No corrections were applied to the probe-data, Sutherland's viscosity low was used.
11 The authors state that within experimental accuracy the data satisfied the relation (TO - TW) / (TOn - TW)
12 m U/UD and this has been used together with the assumption P v PW to construct the tablea below, The total

conditions at the layer edge have been set arbitrarily equal to the nominal reservoir conditions. The wall
temperature has been set constant at 293 K following the authors' statement that (TOO - TW) / TOO was
nearly constant at 0.08, No heat trAnsfer data is presented, the authors stating that Q was zero within
experimental accuracy.
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13 The data presented consists of two profile sequences. The first, 0101 - n119 consists of ZPG (01-05)
followed by APG (06-14) and FPG (15-19). Duplicate profiles were obtained for 01 11/12/14/16, but since

they had relatively few data points, they are not presented here. The second set, 0201 - 0209, provides,
14 for comparison, ZPG data in the downstream portion (X K495 mm), obtained with no centrebody. The CF values

presented are the authors', obtained by the curve-fitting procedure of Coles & Hirst (1969) applied to
equivalent incompressible velocity profiles transformed as suqgested by Van Driest (1951). The resultant
calibration function for the Stanton tubes was presented (source, figure 3) as evidence of consistency.

§ DATA: 7201 0101 to 0209, PT2 and TO simultaneously. NX - 19 and 9. CF from profiles (curve fitting).

Confirmatory Stanton tube observations,

15 Editors' comments
The axi-symmetric configuration chosen results n a flow free of significant end effects. Axial symmetry

corrections were small as 6/RZ<0,07. The prei•rp gradient was applied as a reflected wave on a straight

surface so that little or no normal pressure gradient is to be expected except at the changes from ZPG to
APG and APG to FPG. The authors state that static pressure measurements showed the pressure to be constant

within 10 % across the layer, There are very small intervals between successive profiles, so that the
layer development can be followed In detail.

The authors give a full discussion of the profiles in relation to the 'wall law" and Owake law" in the

source paper. The values of CF given here assume that this is a valid and complete description, so that
they should be used with caution in the FPG region.

Comparisons should be made with the similar flow observed by Peake at al. - CAT 7102, series 02 - though

there is little detail in the compression region and the study is more concerned with the constant-pressure
relaxation which follows. Nominally planar APG flows of the same type are studied in some detail by Zwarts

- CAT 7007, Thomas - CAT 7401 and with fewer stations by Waltrup and Schetz - CAT 7104. The FPG case Is
covered by Michel - CAT 6902 and Voisinet at 01, - CAT 7304. The authors have repeated the investigation
with a strongly cooled wall (Grin at al, 1974) but the numerical data is not at present available,

.1t
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CAT 7202 LE'T0 3 BOUNDARY COPIDITIONS AND FVALUATED DATA. SI UNITS.

RIUN MD * 144TR PL0244 cIr H12 H12K Phd PD
X * POD* P04/PD* REL'20 CIQ M32 H32K THd* TD
RZ* TOO* SN * r12 P12* HMiI D2K DO TR

72010101 3.9800 1.0005 1.4803"+03 1.51511"-03 7.9198 1.14601 3.3551"+03 3.35S1"*(3
2.9259*-Ol 4J.9600"+05 1.0001) 44.9214,103 NM 1.6339 1.8099 2.9300*+02 7.629'J"#01

-2.51400'-0I 3.1800"+02 0.0000 ?.5217"-011 O.0000-+0 0.214144 4.64448'-04 6.97O1*+02 k.9286"#02

72010102 3.9800 I.(A005 1.3601*+03 1.615t*-03 7.7991 1.4026 3.3551*+03 3.3%551103
3.0455'-Ol 4.0600"+05 1.0000 41.5217"+03 NM 2.831444 1.80514 2.'Q3OO**q2 7.62944'I01

-2.51400"-0I 3.1800"+02 0.0000 2.3169,1-044 0.9000"+00 0.21445 44.21450"-014 6.9701"+02 2.9286"602

720101u3 3.9000 1.00i)S 2.S466'.03 1.550t"-03 7.76448 1.3919 3.3S2.'03 3.3551I"+03
3.16744'-11 14.qb00'i05 1.0000 5.14251503 NMI 1.61416 1.8169 2.9300*+02 7.b29il"*0l

-2.51400*-02 3.1800*.02 0.0000 2.63S0'.O4 0.0000"+00 0.114s0 44.7561'-U4 6.970I"40t? 2.9286"+02

720101041 3.9800 1.0005 1.6522"+03 1.1453i*-03 1.6327 1.42013 3.3%b1'403 3.3S52'0f3
1.29W9-02 40.6000+05 1.0000 5.11q30*i03 NM 1.824L1 1.797 2,9300"+02 7.61914"+O1

*2,51400".01 3.18000#02 0.0000 2.814460-014 0.O0000'+00 0.11436 S.2785-014 e..9701*402 2.9286'.02

72010105 3.9600 1.0005 1.%1143'+03 1.45301-03 7.8305 1.40.4 3.3550I+03 3.3S532"43
3.1426S"-0l 4.96001+OS 1.0000 S.0346*+03 NM 2.G239 1.7927 a.9300'4'02 7.02941'401

.1.54400"-Ot 3.1800'+fl2 M.000 2.5797*-04 0.0f000"+00 0.14430 41.81452*-04 h.97014+0? 2.9286"tI02

7020106' .3.8319 fl.9989 1.70031+03 1.141466.03 7.19B3 1.4061 44.0919*403 14.0919'*Ol
3.ss09'-01 0.9600*+05 1.0000 5.31443*+03 NM 1.615b 1.7680 2.9500"+U2 A.071474#01

*2.5140AI-01 S.18000+'22 0.0000 2.S3691-04 3.0310"-01 0.11410 44.6959'-014 6.90560+02 2.9333"402

72010207 3.5295 0.0952 2.24170+03 1.376A"-03 6.SV96 1.4451 6.2366*+03 6.2360+03
3.a044'-01 14.9600*+05 1.0000 b.2620"+03 W- t.79113 1.76744 R.9390"'02 9.1079*i+ol

-2.51400*-01 3.1800'+02 0.0000 2.03111-04 3.879p"-02 0.137S 4.53S2'-014 6.753b"+02 2.9424004-02

72010204 3.3775 0.9932 2.42W+'03 1.2660'-03 b.3d66 1.5758 7.744870+03 7.714870#03
3.9310"-Ol 4.96004+0s 2.0000 7.14266,03 NIA 1.7926 1.7655 2.9100'4012 9.4907"+Ol

.2.51400'-01 3.la00"+02 0.0000 20'6350-014 S.119s'-01 0.13S8 4.?7401'014 6.6663"+02 2.9501"+02

72010209 3.2267 009910 2.9751"403 1.2688"-03 5.6675 1.14972 q.614744'403 9.b14?4"i03
4.0589"-01 14.9600*+05 1.0000 7.3665*403 NM 1.7727 1.71483 2.9300*')2 1.0317"t02

-2.314001-01 3.1800"+02 0.0000 2.5261*-014 5.2098"-02 0.2328 14.3076"-014 6.5712*+02 2.95664+02

7010011fl 3.07147 0.4586 3.56241+03 1.171421-03 5.6828 1,626n 1.2077"+40 1.2077'*014
44.I859*.0l 14.9600*+05 1.0000 8.30021+03 NTm  

1.76A0 1.71464 2.9300"+02 1.104J1"f02
-2.544000-01 3.1800R+02 0.0000 2.6205"-04 b.5R98"-142 0.1308 4,36'3*-04 6.14658*402 R.9637"+02

72010111 2.0209 0.04560 44.1226"+03 1.22711-03 S.2226 1.5220 1.521t"+014 1.5211-+014
14.3129"-01 14.9600"+05 1.0000 q.02bA*+n3 NP 1.75q44 1.7373 2.9300'*+02 I.I7boo+02

.2.51100"-0l 3.2800'+0P 0.0000 2.6195"-044 7.0225"-01 0.1223 4.2317"-04) 0.3482'*02 2.4715"+02

7201021? 2.7713 0.9833 14.11661'.3 1.11409"-03 5.027a 1.7057 I.Mb"6'042 1.4096'0+01
4.q4o40-01 14.96400'+0 1.n0040 q.203&,+o3 rim 1.7b62 1.7479 i.930O'ý0l 1.2519"+02

* 2.51400*-01 3.18004+02 0.0000 ?.146t10-044 7.7218".01 0.2260 A&.794104-04 6.2220"fO2 2.9797'.02

72010223 2.b169 0.0803 5.701604+03 I.'I257*-03 14.2220 1.14395 2.14214"4014 2.'4216"*011
*4.569-01 14.96000+05 1.0000 1.1044040+4 NH

4  
1.74Kb 1.780b 2.q300"+01 1.314d0'.j?

*2.51400"-01 3.15DO"#02 0.0000 P.7150*-014 7.4629'-0I 0.1263 3.8797"-044 b.o782't02 R.4412812'.0

720202111 2V.11661 0.9772 6.78340"+03 I.7260*-03 3.81493 1.14210 3.0603"+014 3.0603N+014
14.6439*-01 44.9600't05 1.0000 1.?357"+04 NM 1.6142 1.8086 Z.q3O0'402 1.43148'tO2

-2.51410'-01 3.1800'*02 0.0000 2.0041"-04 7.7286"-ol 0.1252 3.7717"-0'4 5.9227'*02 2.99B5S"*2

7201011% 1.5545 0.9790 6.70711+4f3 1.5069"-013 3.90?7 1.31)b7 2.5673"40'J 2.b673'4041
44.8209"-UI 14.9600"+05 1.0040 1.2661'0#04 NM 1.8399 1.8290 2.9300*+0? 1.3796*402

*2.51400*-Q1 3.1800'fli 0.0000 3.0110*-124 -44.b87V"-0l 0.1280 4.0063*-vJ4 6.0157"+02 a.9Q211"*1J

7201o116 2.6504 0.0820 6.114620+113 1.9202'-01 4.0313 1.14 .2995'1+04 2.249s"4014
4.*9479'0-0 14.9600"405 1,0000 1.24453-404 100 1.8624 2.8251. 2.'43o0,+U? 1.320-+*02

*2.51400'-01 3.1800N#02 0.0000 3.11A3'-04 .4.0969'-01 0.130b 4.091 *-014 6.1104I'v0? 2.9ftn".Q2

M1701017 2.9977 0.98174 5.14645'*03 1.90004-03 44.6944 1.2b17 1.3550"fO011l.35b5"0'4I
5.44559'-O1 4.4600"405 1.0000 1.23142'0+04 NM 1.5686 1.076? 2.9300"+02 1.13bR'+02
-2.514001-0l 3.1600*402 0.0000 3.73S7"-014 -3.22061-0l 0.1378 '4.962S"-014 6.140811"+02 2.96.75"+02

*720102141 3.53147 0.9953 '4.7'J50*+43 1.6705"-03 6.0271 t.2326 6.1909'+03 b.1909',03
6.4719*-01 14.9b00"tOS 1.0000 1.3202*0+04 NM I.849.0 1.8737 2.93004+112 9.o868"s0
-2.51400"-02 3.1800"#02 0.0000 S.3835'-014 -2.140204-0)1 O.lk~4I 7.?b625'-04 b.75514'A02 2.914304"$02

71010210 3.6361 0.9966 14.47144"403l 1,6387"-03 6.3213 1.Z365 5.3685'4U3 5.3605,401
6.7259w-01 14.9600*405 1.0900 l.3032**011 tip 1.8922 1.6710 L.93900402 5.7261"#91

-1.51400'-OI 3.1800'.02 0.0009 5.57621-044 -il.07721-01 0.21457 8.202'40,04 6.8101"+02 2.944o'0~42
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CAT 7201 LEYfTS BOUNDARV CONDITIONS ANU EVALUATED PATA. 31 UN~ITS.

RUN '40 * Toi..TR PE02W CF H1 4i 1l2K PW PD
K * 0,00 PtJ/PI)a REP2D cc H3? HSZK TN. TO
"RZ 0 TOO* Sh * f2 P12' H42 ORK UO TR

7z0l1lal 3.9500 1.0005 2.07A4,tO3 1.3'474"-03 1.8179 1.3900 3.355l'tu3 3.35Sl".03
4.9479'-01 A.980".oos 1.0000 7..062",O03 04m 1.8294 1.bo044 2.9100*+02 7.6294'*ol

-2.5'iu0.-Ol 3,18001#02 0.0000 3.8973*-04 0.0000oO.'n 0.1440a 7.2sW06"u 6.9701'+02 2.92b6'+02

7JO10202 3.9600 1.~0005 ?.472?7*,3 1.3542"-03 7.8u92 1.4161 3.3SS1'+03 3.350'+0~3
S.9559*.01 4.9@000#45 1.0900 6.12091#03 NM 1.8638 1.6152 R.9300-+4)2 7.6294.+01

*l.5~oo*.oI 3.1800*402 0.100"0 U.2123'-ft4 0.OOOO0e0 0.144b 7.7020"-U4 6.97011+02 P.9286*+02

72OI10?1 3.46000 1.000S 2.A543*+07 1.5269*-0 7.7639 1*3601 3.39S18+03 3.3551"+03
5.988Y.01l 4.9800,05 1.0000 A.61471+03 NP 1.4296 1.603S it.9300'+02 7.6294NOU1

.R.S4008-0l 5.18000+02 0.0000 I.sa217-OJ 0.00000+00 0.1440 6.40550-04 6.9701,0+0 2.92866'02

72010204 1.9600 1.0005 P.bS4'14*3 l.SS31.-03 7.7436 1.3574 3.3551'+03 3.35511*03
S.9690o-ot e.9oo0*+OS 1.0000 6.?'162*oOS NIA 1.6352 1.a106 2.93000+02 7.6294"tol

-2.51400-Ot 3.18001+02 0.0000 4.d515-04 0.0O0oO*00 0.1444 8.2342"-04 6.97014+02 2.9268'f0z

7201g080 3.9600 1.006S 2.SSMO40"+G 1.30430-03 ?.7463 1.3475 3.3551't03 3.3S511403
6.4719*-Ol 4.106004*05 1.0000 (P.56634+03 NM 1.62"9 1.15045 2.93004+0l 7.62941"*01

-2,S400*-Ol 3.1600,402 0.0000 0.9119*-04 0.0000"400 0.1440 9.1416"-04 6,97011+02 2.92868*02

?20I1020 3.10600 1.000s 2.47&9**03 1.2999"-93 7.70d40 1.3165 3.3551"403 3.3%551+03
6072soo.0I 4.4060011#05 1.0000 9.49710*03 NM 1.0330 1.608b 2.9300"+02 7.6291+01o
*2.s400*-01 3.1@0.00+ 0.0000 V4.07121-04 0.00000+00o0.11142 q.3727.-l4 6.97@P*+02 2.opabo+0o

7201020? 3.9600 1.0005 3.2951'.03 1.23671-03 7.6520 1,3950 3.3551'*03 303551003
7.71641-01 4.9e000,05 1.0000 l.0955,+04 NM 1.62b1 1,7979 2.93000+02 7.629)40+0
-234000-01 3.t$600.0l 0.0000 S.6132*.0B 0.0000*404 0.1436 1.0529*-03 0.97011+02 2.92861+02

71010200 3.9000 1.0005 3021739+03 l.2117*-03 7.7980 1.3690 3.3S510+03 M.3551't3
S.74709-01 e.9.004.os 1.0000 1.23920+04 NM 1.0315 1.8006 2.93000402 7.62940+,0
-2.34000.0l 3.18000.02 0.0000 6.3494"-04 0.0000"0+0 0.t440 1.1786t-03 h.9701'+02 2.92564+O2

72010209 390 1. 0000 I.o s .6oiS~Os 1.22a3*-o3 1.7222 1.3229 3.3S%16+03 M.3514,03
8.7I?9.01 4.96000'eOS 1.0000 1.21270+04 NM 1.4295 tvaoai 2.93004+02 7.6294"t01

-2.54000-01 3.16010*02 0.0000 6.2134"-04 0.00000,00 0.1439 1.1611?-03 6.9701*t02 2.928640',



'72aI-.I3~

CAT 7201 LEA1i5 BOUNDARY COiDITION5 AND EVALUATED LIATA. 31 UNIT3.

RUN '4 * TW/TR PE0L2 CF 1 Max HtIK PD
X " POD* PO/PD* REO20 CO H32 H32K rw* TO
RZ * TOD* Sw * !2 P12* 1142 D2K UD TR

72010101 3.9800 1.000S 1.4803"li3 1.5154"-03 7.9198 1.4601 3.3551*#03 3.3551tx03
2.9169-l0o 0.9600"÷05 1.0000 4.q2ltU3 NM 1.0339 1.8099 2.9300"+02 .62940#01

-2.5400"-01 3.18001402 n0.000 2.5217"-04 0.0000"00 0.1444 4.8o08"-•u b.9701"402 2.9280002

72010102 3.9680 1.lOOS 1.3601"03 l.6t5o"-03 7.7991 1.402b 3.3551"+03 3.3551"#03
3.04b5"-o1 4.96000+05 2,0000 4.52170#03 NM 1.8344 1.8054 2.9300"+02 7.6294"M0!

-2.5400"-01 3.t1OO*+02 0.0000 2.3169"-04 0.0000'0+0 0.1445 4.2450"-04 6.9700+02O 2.9286"902

72010103 3.9800 1.0005 1.914W#0"3 1.5501".03 7?.648 1.3919 3.35510+03 5.3551*I03
3.16741-01 4.96000#05 1.0000 5.14250#03 Nm 1.68416 1.519 2.9300"+02 7.62940+01

"-2.S4000-01 3.,tOOto2 0.0000 2.6350"-04 0.0000"+00 0.10so 4.7961"-04 6.9701"+0l 2.92860*02

?201010& 3.9800 1.fO05 1.65?2"*03 1.0531"-03 7.8327 1.4013 3.3%51"03 3.3151,03
3.29o9"-01 .q6boo0O05 1.0000 5.q30'#03 NM 1.8241 1.7917 2,9300*#02 7.6294*01

"-2,54000-O1 3,1800*#02 0.6000 2.6146"-04 0.0000"#00 0.1436 5.2785u-04 6.97010+02 2.9286*+02

T7Olo015 3.9600 1.0005 l.S13"t03 1.4S30"-03 7.0375 1.4031 3.35514+03 3.3551003
3.42651-01 Q.9600",r5 1.0000 5.0340#03 NM 1.0239 1.7927 2.9300"*02 7.o294001
-2.5•00.-Ol 3.1800"+02 0.0000 2.5797*-04 0.0000*#00 0.1436 4.80452-04 6.97014+U0 2.9286"+U

7?01otut .3.6329 0.9969 1.70030#03 1.d4466"-03 7.3983 1.4061 4.0919"+03 4.0919u*03
3.5509"-01 4.96004÷05 1.0000 5.3493"t0S NM I.85o 1.76080 2.9300+u2 8.00704+01

-2.54000-01 3.1800+0n2 0.0000 2.43690-04 3.03101-0 0.1418 4.6959W.V4 6.9056A*02 2.93330+02

72010107 3.5295 0.09•2 2.217"+03 1.1766'-03 6.599b 1.4481 b.23664"03 6.2366'+03
3.8044*-O1 o.9600tO05 1.0000 6.26,00O03 NM 1.7943 1.7074 2.9300*402 9.10799+01

"2.54000-01 3.1800"÷02 n.0000 2.5311"-04 3.879q-0%l 0.137S 4.5352"-04 b6.7536"#U? 2.9400•0•

* 72010108 3.3775 009912 2.8211t#03 1.2666"-03 6.3806 1.5758 7.7407"+03 7.7487"403
3.9314"-0l 4.9600"f05 1.0000 7.206603 NM 1.7926 1.7155 2.9300"412 9.907*+0I

-2.500*-Ql 3.1500".02 0.0000 2.7635"1a4 5.I195s1)O 0.1316 4.71740-04 6.66634+02 2.9501.02

72010109 3.2267 O.qq9O 2.97410#03 1.26886-03 5.8675 1.4972 9.6474"+03 q.04740+03
4.0589"-'0 4.96000+05 t.0000 7.36851#03 NM 1.7727 1.7083 2.9300"0U2 1.0317"+02

-1.000o"-Ol 3.18000+02 0.0000 2.U816-04 5.,l098"-02 0.1328 91.37?b"-04 6.57121"02 2.9536"+02

7201010n 1.0747 0.0886 3.5624N#03 1.17420?03 5.6828 1.6260 l.a077÷0+0 1.2077"+04
4.185q"-Ol 11.9600"÷05 1.0000 8.300?0÷03 NM 176.00 1.74b6 2.9300*+02 1.1001*+00"-2.5000"-01 3.16000+02 0.0000 2.6205"-04 b,5298"-ul 0.1308 4.36b43*"0 b.4658"+02 2.9657"+02

72010111 2.9209 0.9880 4.12261403 1.2271"-03 5.,22b 1.5220 1.5l1t*÷04 1.521"0W
4.3129"-Ot 4.9b00"+05 1.0000 9.0268*0•3 NI 1.7504 1.7373 2.3000+02 1.1750"+02

-2.54000-01 3.1800"+02 0.0000 2.6195'-04 7.0225"-01 0.126L 2.,337"-0O 6.3482"+02 2.97S,"÷+0

720101P 21.7713 0.0833 4.46610"s3 1.18000-03 5.0278 1.7057 1.9096*o04 1.9096"*O0
Q.4goO-01 O .l9600÷o05 1.0o0o 9.?038'903 NM 1.1762 1.7479 2,9300"+02 I.M9"÷02

=2.54000-01 3.1800*l02 0.0000 ?.46100-04 7.7118"-01 0.1268 3.794I*-04 6.2220"+02 2.9797"+02

74010113 2.6169 0.4803 5.7028"03 1.5257"-03 0.2220 1.4395 2.40121+04 2.421lbw#4
4.16090-91 4.4600"+05 1.0000 1.1040"0"4 W4 1.79%68 1.760b 1.9300"+02 11%4020#02

-2.S0o0"-0I 3.18000*+02 0.0000 2.7150~-04 7.46290-01 0.1263 3.4797"-U4 6.0781"+02 2.44088+02

71010114 2.0661 0.9772 6.780*0"03 1.7262"-03 3.8993 1.4020 A.0603"+U0 3.0603"+00
4.6939"-01 .9600"+05 t.0000 1.?3571÷04 Nm .8142 1.8086 2.Y300'+02 1.4348"÷0?

"2.500•-•Ol 3.1800"#02 0.0000 2.9040"64 7.72856.,0! 0.1252 3.7717"-oU 5.9227"+02 2.9905a+2

7201011O 2.5545 O.Q7qo 6.7070*+03 1.8069"-03 3.9027 1.3467 2.b673"+04 2.bbl3"sVQ
4.8204'-01 4.4600*+05 1.0040 1.26611+04 NM 1.39g9 1.8298 2.9300"+4? 1.379b"tu2

"-2.5300'-Ot 3.t800'+02 0.0000 3.01W0-64 -4.6879-0oI 0.1280 4.0063"-uv b.uI571+02 2.99290+02

7201u1i6 2.6S04 0.9810 8.02112"+03 1.4101"-03 4.0313 1.314 2.29905'+04 2.29949*0w
4.94?q*'-0 4.9600"#05 1.0000 1.2453"+04 Np 1.6814 1.8514 .4300"v01 1.3123"402

-2.5000-01 3.1o00*+02 0.0000 3.11I0"-0o -0.0969"-o0 0.330b 4.u918"-04 6.1I0b6"02 2.98b•9~02

72010117 2.9077 0.9870 5.1645*403 1.90044-03 4.8044 l.Zbl7 l.3s550"+00 1.3550-4041
54554%-Ot 4.4600"#05 1.0000 1.2342o0+0 NM 1.8b88 1.7682 .9oO"02 1.1368"402

-2.54000-01 3.18001t0Z 0.0000 3.7357'-04 *3.2206"-01 0.1376 11.9625'*ud 6.4084"+02 2.967S"092

7101011A 3.5307 0.94S3 1.74so0,03 1.0705"-03 6.0071 1.2326 6.lqOq÷03 6.1909'403
6.47149-01 .9•60,0#09 1.000 1.32620104 NM 1.6410 1.737 9.93004+02 9.00W"W

-2.54004O-01 3.16000'#02 0.0000 5.353S*.04 't~0 0.1441 7.162%*-U4 6.7%0+02 2.9434"+02

7201011 3.1,361 0.99(,6 4.4741+"03 I.6367"-03 6.3213 1.2316 s.3885w1"3 5.366S1"41
.79•5-O di.96,bO"÷OS i.0000 t.30321+04 NM 1.8912 1.6710 2.9300"02 ••,72b1t"40"-2.54000"o1 3.1000+02 0.0000 5.S762"-04 -2.07721-01 0.1457 8.2026*-u0 6,810o"+0? 2.q9010p.02

y!

3i
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72010101 LEVOIS PROFILE TABULATION 21 POINTS, DELTA AT POINT 15

I PT?/P P/PD TO/TOO m/MO U/0I 1/TO RMO/RHNOD*U/UD

I O.0004",6O l.0000'0+0 NM 0.92136 0.00000 0.00000 3.540140 0.00000
2 3.5326"-04 *1.4159415*0 NM 0.9S219 0.37994 0.62700 2.723314 0.23023
3 14.1041-~-04J 3.I01465*400 NM 0.95209 U4.37909 0.02600 2.72u99 0.229S7
14 o.2341"O04 4.6355*'.O0 NM 0.96015 0.145039 0.70300 2.143627 0.288%e
5 42.b236*-0,4 6.1i4PA2tOO NM 0.96816 0.52b814 0.77200 2.114725 0.3S953
b 1.?780*-03 7.SS20*+00 NM 0.9740S 0.59878 0.81900 1.03490 0.14232a
7 1.6986*-03 8.72000+00 NM 0.97013 0.63560 O.oSooo 1.76746 0.475400
* 2.2079*-03 1.04700+01 NM 0.963119 0,70004 0.&A700 1.605'48 0.55240
9 9.71700-03 I.22A6'+01 NM 0.98746 0.76105 0.91700 1.45110 0.b3163

10 S.2157*-03 t.o3S4*.01 rim 0.99142 0.02505 0.94400 1.3091a 0.72109
11 3.7612*-03 1.b40)S"t01 NM 0.99473 0.88560 0.96600 1.18960 0.81190
12 14.2911W-03 1.B1504,001 NP 0.99734 0.93908 0.96300 1.09572 0.09712
13 4.7431"-03 1.4669*401 NM 0.99874 0.97029 0.99200 .014520, 0.94905
14 5.2678"-03 2.0553".01 NM 0.99966 0.99239 0.q9000 I1,01135 0.90660

D 1S S.StW3-03 2.0863"+01 NM 1.00000 1.00000 1.001100 1 .00000 1.090000
16 6.32240-03 240663*+01 NM 1.00000 1.00000 1.00000 1.,00000 1.00000
A? 6.5990*-03 2.0707N+01 NM 0.q9998 0.99610 0.99900 1.0016& 0.99336
to 1.3926*-03 2.0863.oM NM 1.00000 1.00000 1.00000 1.00000 1.00000
19 7.71455"-03 2.08631+01 Nm 1.00000 1.00000 1.00000 1.00000 1.00000
20 #.4160"-03 2.0863"#Al NM 1.00000 1.00000 1.00000 1.000t0 1.00000
21 8.95631-03 2.0863*t2 rim 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y/DELTAU/UD ASSUME P800 AND VAN DRIEST

7201010s0 1CV415 PROFILE TARULATIONT to POINTS, DELTA AT POI!NT 16

I y PY2/p P/F'D TO/TOD MOD~l L/LID T /I C RhU/RH~ODAI)/UD

1 0.0000"+00 1.00000-t00 NM 0.92138 0.0000o Y.Drf000 3.814U40 0.000014
2 2.2"I1*t-014 1.5118*#O0 Nip 0.9525) 0.38337 04.0104 2.709014 U.M392
3 3.5577"-04 3.4208"#00 Nim 0.95169 U4.31739 0.62400 2.73399 0.228214
14 5.1996".014 14.9410"+00 NP 0.96194 0.146689 0.71900 2.31166 0.30316
5 1.936S"-04 6.13144'*00 101 0.96962 0.53S147 0.77')00 2.211b42 0.16801
b 1.3082"-0s 7.(zo0".00 Jim 0.97431 U.59165 0.02200 1.92559 0.142636
7 1.11Wl-01 6.0'e¶6'.o fill 0.978%3 U.o405S3 U.85300 1.773147 0.146096

48 2,2S74'-01 1.0633*+01 NM 0.90361 0.703714 0.SQorJ 1.S00314 0.5596%3
9 2.80791-03 11,.4931#01 tip' 0.96769 0.767b9 0.q?000 1.43615 U.614060
10 1.2t29'-03 1.1426.8"+01 f16 0.99127 0.82250 0.94300 1.321a40 0.71739
11 3.$586'.03 1.635v#401 rim 0.99458 0.88266 0.96'400 1.19529 0.607314
19 14.41416*-D3 1.61076"fo1 NM- 0.996600 1.9291% 0.98000 1.112144 U."OSO.4
1 3 14.649"143 1.95281+01 fil 0.99019 04.96671 0.94200 1.05086 0.914301
214 S.374091-03 2.01402*+0l tip 0.999%3 0.98863 u.497110 1.141701 0.98039
i5 5.S1402?'-03 Z.0553-+nl NMl 0.q9968 0.99239 0.990J40 1.0113b~ 0.91161,10
26 6.3b56'-Ol ?.0553"otll N4M 0.94V66 0.99239 O.99000 1.01135 0.966610
17 6.6520"-00 2.05113"+01 liM 01.99968 O.Q4239 0.995000 1.01135 (1.9A60111

D 10 7.8051"-03 a.OO,3*+nI 111A 1.00000 I.At'01J00 oO 1.00000 2001 1.000001

IMPUT VARIAOLLS V/OEL.TAiU/UD ASSIMJE PXPU AND VANl DRIEST

72020105 L1611 PROlFILE TABULATION 10 POINTS. DELTA AT POINT 17

I y P77/P P/PD To/TOO 14/MD U/LID T/OD RtiO/RHOD*UtUO

1 14.00001+00 l.oQvO"#00 NMA 0,92136 0.00000 0.00MO0 3.640040 0.00000
2 I.5075-014 2.5754*#00 iJm 0.94471 0,31159 0.S4b00 2.409319 0.1024
3 3.01%1'-014 3.14725*400 rim 'A.95224 0.3610130 0.62000 2.71977 0.230904
14 14.5Z26'O04 MO1,R)3300 rim 0.95764 0.1427801 0.6A000 2.S2661 0 26914
K 1.12181-04 4.46051+00 NM 0.96529 0.49657 0.714500 2.25085 0.33232
.. 1,01S9*-03 6.5562.+no 11M 0.97000 0.514540 0,78700 2.090864 0.370411
7 I.6323*-03 6.31760#00 NO9 0.97660 0.619"14 0.514000 1.83597 0.'45752
8 1.1417"-03 1.61144#01 rim 0.911236 14.68847 0.014100 1.63160 0.53064
9 2.73#S"-03 1.?286"e02 NM 0.967146 V.76105 0.91700 1.45160 u.63163

10 J.10104-03 1.14526'4to Nir 0.99272 0.63021 0.914600 1 a9#39 0.72604
It1 S.05721-03 2.69(01*01 NM 0.99534 0.129760 0.97000 1.14782, 0.03061
22 14.45S0'-03 1.8979"*01 NM 0.99796 0.95960 0,9P700 1.0733b U.91955
13 4.9177*-03 1.0262'0 JJM 0,99937 0.961490 4,99600 1.02267 0.97392
114 5.5906*.0s a.051;31#01 NM 0.99966 0.99139 0.94600 I.0213 0.90600
15 6.24124"-03 P..0707".01 NMp 0.99964 0.99610 0.99900 1.00560 0.99)33
1II 6.6955"-0' 2.07070+01 NM 0.99904 Q. "bl0 0.994100 1 00611 0.99336

0 07 ?.3089"-03 2.0863"901 NM 2.100000 1.00000 1.000040 2.00080 1.006000
10 7.0599'.03 P.0863,+01 tip, 1.00000 I.UGc,00 L.00000 1.00000 1.00000

INPUT7 VARIABLES Y/flELTA#U/UD A53UME PvOD AND V04 DRIEST
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7201010b~ LEWIS PROFILE TABULATION 20 P0IPITSP DELTA At P01INT 15

I y PT?/P P'/PC' TO/TOO 4/MC U/UD 7/TO RIIO/RHOU*U/UD

I 0.0000*to0 1.0O000"160 MJl4 0.92138 0.00000 U.O00000 3.62b62 0.00000
a 1.5039"-0'I 2.160Q7100 rip a.9a7S4 0.344529 0.57400 2.76~354J 0.20770
5 1.76521-0'I 3.11021+00 14P 0.9SU40 0.37043 0.60300 2.h674di 0.22661
4 sa.0750*-0o 11.8641~00 Ijip 0.95617 0.42151 0.66300 2.47i406 0.20198
5 b.1Ll90'-04 5.1140+*00 NMo 0.96417 0.49S59 o.7360 2.205J49 0.33371
6 9.7508"-04 6.00351+00 tit, 0.46666 1J.53

9
96 0.77400) &1. (Is Li o.37672

7 I.6464?-03 S.1502*+no Pip 0.9775a 0.63679 V.814400 1.75669 0.480145
a 241566*-03 9.76s80.00 14M 0.9A26S 0.70076 0.68200 1.SAl417 0.5sb7.
9 2.75061-01 1.20450+01 tip 0.98oa9 0.711041 0.9pa00 1.39436 0.66123
10 3.32s0"-03 1.0480"fI rim 0.99313 0.86060 0.9%S00 1.?3143 0.77512!
It 1.9IlSS*.03 1.71415""t NMA 0.99721 0.93693 0.90200 1.09385 0.69?77
12 4.35S4"-03 1.A6447",01 Nm 0.99938 0.94570 0.90600 1.02100 Q.9o7SI
13 5.0452"-03 1.3341 NM 1.00000 1.00000 1.000111 1.00000 1.00000
14 b.S93'4"-O3 1.415P20#151 fm 1.00016 1.00365 1.00100 0.4094747 1.006316

0 IS b.18'52"-03 1.9301S0"1 14M 1.00000 1.00000 1.00000 1.00000 1.00000
*lb 6.7722~0-0 1.412701001 INH 0,999644 0.99063 0.90QQ0 1,00b,26 0.9q37?

17 7.3107"-03 1.4343*01t 141 1.00000 1.00000 1.00000 1.1,0000 1.00000
16 7.8734"Iol 1 .4036+01 1.4. 1.00000 1.00000 1.0I0M~ 1.0004)0 1.00000
19 6.44604"-03 1.QS22*00I ti 1.00016 1.0036S 1.0"t00 0.90474 1.00630
20 9.001610-01 1.96610#01 tim 1.00031 1.00732 I.0010 0.90947 1.01267

*INPUT VARIAI)LES Y iOL LTIFA #IJ/UI1) ASSUE P*PV AND VAN URIEST

* 72010107 LEVIIS PROFILE TAMULATIrnj 19 POfINTSe UIELTA AT PUINT 12

1 I PY21P P/PO T0/TOO MultI U/Oll 11/11' RKO#IRHOIJ.OOD

1 0.00000#00 1.o000o4+00 UP1 0.02135 0400060 4.001100 3.2 169#4 0.00000
4Il.1S77%-0ld 1.37256400 lli' 0.94,400 0.130be 0.54000 2.%7433 Q.20976
& ot.44/75-00 2.06%I'*foo lip 0.9SI21 1).16975 0.60500 2.44avid 0.asi11

* 4 S.6017*-04 3.160744+00 lipi 0.95%40 0.43198 u.0%200 2.27803 0.28621
5 6.5344"-Q9 4.411I"*00 1... 0.9hi3t6 0.49369 0.71401) 2.0014092 0.344164
* 9.52s%"-04 q.1676*+nQ tip 0.670 Q.339A2 U.78300 1.95609 0.3651?
IF 1.10W6-03 *.76hao*oo rmM 0.97315 0.62654 0.4220U 1.72175 U.4477so
a 2.0fida*-03 4.7041"+40O N11 0. 94250 0.7(164 0.87900 1.S5vAq u.58179
9 a.6625*-03 I.10R3a+OI lift 0.989S2 0.01353 U.92qoo 1.304fiS 0.71207

10 S.1207-00-O 1.350I'+0I (01 0.994149 0.1oI 3I 1 .96600 1.140740 .8404'i
It 5.SP7I*.03 1 .,%? 10 01 lip, 0.90974 9.97047 0.q0200 1.03S411 0.9s804

O It 4.41870-03 1.6509"0+I 014 1.00000 1.011100 1.0000~o 1.000110 1.00000
13 I 4.9631s"-03 1.69310#01 tipl 1.000&1 1.013D7 1.00)400 0.9o8217 1.022?3
14 S.1131"-03 1.66130+01 I1M 1.00011s 1.u0324 1.0n100 0.

9
9%'ab 1.00546

15 6.0414?1.03 t.6sftq"+l Fill 1400000 1.000no 1.01(0000 1.110060 1.00000
It .ob36"-O%1I.6019~*#l lift 1.00000 1.400000 1.0n0000 1. Oo000 1.00000

17 7.023t,-01 1,6549,01 fill 1.400900 1.010000 1.000010 1.00lubo 1.000000
10 7.8083".01 I.6s1t9"001 (4k1 Itoo 1.00000 1.00000 1.00000 1.91000410011
19 d.403dI1-01 1.646641,6 lip 0.9096'S 0.99bv9 0.99900 1.0044S1 0.99438

INPUT VAVIA'JILS Y/nELTA#U,'IlO ASSUME PsPDt ANDO VCAl DOPE3

72010109 LEWIS PR~rILE TABULATION 18 POINTSP DELTA AT POINT It

I py/ PTj 'PIPD TOMTO 0/110 U/Uo rjlTrl PhIiORHD*UiUD

1 0.0000"0,00 1.00000*11f 1411 0.91138 0.040000 Q.00000 2.844000 0.00000
a 1.50%60-04 ?.?I4o4o'oi fill 0.944148 4.310446 0.5340)0 2.121k72 0.83000
3 b.2?1I"-044 2.6500ptoo 1NM 0.9527a 0.41561 0.0l100 2.1%921 0.2829?
'4 4.66600-04 1.?112*900 NMP J.9qb10 0.1441813 0.641600 2.06013 0.31067
S 1.34008'-04 1.94301#04 JI," 0.9hil00 0.50630 0.10l460 1.43143 0.36412
6 1.06161-03 Od.7*7'*00 liM 0.96706 0.564157 U.7361111 1.793110 0.02161
7 I.3924"-03 6.?A830*00 MIAI 0.97022 11.13"41 0.506401 1.sf6831 0052005
& 2.1754*-03 4.4902**40 NH O'got"I 0.16663 .0119709 1.361111 0.65064
9 2.70671-03 1."16700411 riM 0.902s9 0.67210 U.944900 1.160114 0.30143

10 $.27st'-01 1.0435*+0I Nim 0.99608 0.9#1420 0.98700 1.04766 0.94192
0 It 1.51717-03 1.14774+01 rmI 1.011000 1.00000 1.00000 1.09000 1600000

12 4.4120".011 l.414q*+C.0 ri 160004% 1.00663 1.00300 O.qgbgl 1.01429
Is 44.99930-03 1.9031,0#0 tIM 1.08030 1.00574 1.002090 0.09915 1.00944
Ida %.S379-01 I.11677o01f 1414 1.00000 1.00000 1.00000 1.000460 1.001000
IS 6.11120-03 1.1,810+01 tim 0.999AS 0,90716 0.99900 1.00370 0.q9931
16 6.6a444-Os 1.16?77+0I Nm 160011.00 1.00000 1.000(10 1.60008 1.00000
17 1.2`11170-03 1.10770+01 rim 1.000h0 1.4010000 1.00001) 1.00000o 1.001000
Is 768566*-03 1.3577*0+I rim 1.00000 1.00000 1.00000 l.00io80 i.00000

INPUT VAPIA1)LCS Yi'OLLTAUIl)D AII5UM4 0.8P AND VAN DRlIEST
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720101121 LEN IS PROI)ILE TA11ULATbO0, i2b IO1hT7, [FL7A AT PUINT 15

I y p1Ž/i' PiPfl TU/TnO I.I/I Q) U/U)l) T /T C, MMO)/IIHO*UU0

I u.0000"+00 I .fljfl0*tC' f)14 0.4121li 0 . 0 () 0 u. 0 1)00 0 .195 q .q SS I
a 1.7525"-041 ?.r57**+O0 MWI. 0.MLqbb3 0.561541 l0.3ŽQ00 a7.11`14lJ0 0.25.379

4 '4.1240"-04 ?.Q20o',t00 NIP 0 .4 9st 0.4fic'60 O.b01~o I .h01i1 0.33951
5 7.00.46"-04 3.4aal"tou r4,' 0.91:171 0 .5 1677 U .60100I 1 .79/qb u.36607
b 1.0I150"-01 91.4800"fnu tim o.96604 0 .5 7 0,) u .70000u IhglleJi 0.43946.
7 1 .1547--03 ll.670I2"+,0 l11 Q.97261 0 .e1103 0 .701040 1 .56 7;) (I.5focin
8 l.bS400-03 5.7693-4fl0 ll'm 0,970R4 0.69460 U.837100 1 .459!n4 .. 57(p43
9 1 .9086h-Ol 6.1k563"t00 lip? 0.910377 (3. ~1#13 0.0 100 1 .31b02 U.656414

10 2.2297"-03 7.a952"+o0 104 0.481:35 0.82157 0.91t300 1.241310 U.73687
I1I 2.$03111M03 8.9230"0O0 II', 0.9q227 0.874140 0.911500 1 .16161 u.81 353
12 2.71167"-03l 4.7866+t106 r)U 0.99s17 0 .9?063 0.96600 1 .1 1Ou u .87 719
13 1.0688"-03 1 .o??4" +01 NM O9,9979 0.,;65q? U. q Abol 1 .14201 0.9062g
14 3.32S44-03 I.l135"+01 t4lA 0.99910 0.96513 U.994n0 1.ni1108 U.9?bali

D 15 S.6237"-01 1.14'tq*+0I NIJ 1.00000 L.00000 2.00000 1.A0000 1.o0oulj
1b 3.92W3-03. 1.1514"+01 14M 1.00014 1.00252 l ~qohtje 1*J~9 .00404
17 4.2105"-03 1.1404%+Ol bm 0.99986 0.qq749 0.'040fl0 1.00302 U.901599
in 41,4906*.03 1.12950+01 titl 0.999IS7 0.992s2 0 .r07 0 1.004')o 0 .9A 105u
19 4.7614-03 142,12Ui 10 1 ~ 0.99942 ij.99005 0.94100 100 U.98411
i0 5.0835*-03 t.I 2S129+0 1 tiM 0.99957 0.qqp5a o. "Q70 a 1 1 nq ot 0.11imno
21 S.728s"-03 1,2295*01 NIM 0.99957 u.9925 U.497110 1.()090l.) 0.9860%
22 6.2764*-Ol IPA~~0I 2 0.99957 0.99?752 0.9n1701) 1.0094M 1  0.980t)
23 b.8416*-Qi 1.;:5+'1 0 j M 0.999S7 0.944,12 U.94700 1 ..( g) '1f 0.9A685
24 7.4311"-03 1.11lAB"ful rjlA 0.9442A0 0.9871b 0.99ý)00 1.0151in 0.94021

V25 7.9790"-03 l.09PAo,+01 Nm 0.Q9bsb 0.97544 0.90000) I.I13007 0.96111)
26 8.52W6.03 1.0774-401 NM 0.99514 0.9628Ž 0.96701 1.113963 0.9494ij

INPUT VARIABLES Y/DtL7A#L1/WD ASSUME PxPD AND VAN DRI1EST

72010113 LEW13 PROFILE TAMULATION 22N POINTS# DELTA AT PUINT 12

I ýD OTD /D U/UO T/Yb RHO/RIIOU*U/t)D

1 0,0000 +00 10000+00 NM 0.92136 0.00000 0.00000 2.18334 0.00000
a 1.5406"-04 2.31A1"+O0 Nm 0.95365 0.44660 0.110 1.774q& U.33524
3 2.96860-04. P.579W0f0 Nim 0.96017 0.51360 0.bb4130 1.117119 0.39727
4 4.208b"-04 3.20fl4"+ft0 Nlo 0.96379 0.S%121 0.70000 1.61271 0.03005
5 6.11o6b-04 3.114711+00 NM 0.96984 0.bISA7 0.75700 I.51329 0.510025

6 .0146"-03 4.24688t00 riM 0.97316 0.65162 0.711700 1.45777 U.53991
7 .6233"..01 51803"+fo NiM 0.98127 0.7441l8 0.85600 1.3?167 0.64767

80 1.17S7.011 b.bS72~*+O NM 11.96864 0.63666 0.91soo I.19o13 0.76503
9 e.73930-03 1.9993*+00 fiv 0.99495 0.92344 0.96300 1.011751 0.851AS
10 .3143"-013 A."68l0"tl1 NM 0.99846 0.47b21 0.96900 1.02037 0,96359

0i 3.8900~-01 di.2159Nsn0 rim 0.99986 0.99760 0.99900 1.00241 0.99660
0 12 4.4451"-03 9.?946-#Og NMA 1.0000 IA000 1.00000 1.0000 60l~O 1.00000

1.2 5,01al?"-03 9.294b"+00 NIA 0.00000 1.00000 1.001000 1.1(00000 1.00000
14 6.159140-03 9.2946-4CO NiM 1.009000 1.00000 1.00000 1.00000 1.00000
15 6.2114*-03 9.2946'0+0 NMP 1.0(1000 1.00000 1.00000 1.201060 1.00000
16 (a.74860-01 4.21740+00 lip 0.94972 0.99¶561 g.99800 1.0n482 0.99322
17 7.3571"-03 9.17421+00 NiM 0.9995A 0.99342 0.9q?700 1.00721 0.981965
IS 7.86'l6*-03 9.06570+00 NiM 0.99917 0.

9
1101 0.9"00, 1.01442 u.97987

19 6.45655"0s S.99?2**O NM 0.99S89 0.98261 0.99200 1.01921 0.97331
20 9.0147'-03 a.A4474+00 NiM 0.99h34 0.97410 0.991100 1.02875 0.96039
21 91.5407*-Ul 8.7369*400 Nim 0.99793 0.96779 U.98500 11.015111 0.9%086
22 11017?*-0? 11.S268*.00 N01 0.99711 0.95537 0.97900 1.05008 0.93231

INPUT VAPIAULLS Y/DELTA,U/UO ASSUM1E PuPD AND0 VAN4 011118

72010114 LLW13 PROFILE TABULATION 21 POINTSo DFLIA AT POINT 101

v P1Ž/P P/ID TO/TOO 14/MO U/UO) t/10 RHO/MHNDD*U/UD

1 0.0o004*0O 1.00011)"M UM 0.92130 0.0000 (1.00000 2. u " 0 0.00000
2 1.5590'-04 2.7872$0#10 rmM 0.96183 0.53634 0.07400 1.57918 0.42680
3 1.97130-04 1.106"4010 NIP 0.9664M 0.511564 0.7pon0 I 511so 0.97635
4 7.00859-04 3. 771121t'4 * N11M 0.972fi3 0.611571 0.77200 1 N 2,04 0. 540gob

1.l022s*.03 4.14t9liou 1416 0.97560 O.bI2501 0.80400 1.37b99 0.%8431
* 1.6055"-01 4.42`03"*00 NMA 0.98141 U0.75208 U.85400 1.2"603 0.66303
2 .11007-01 S.116650+00 NYM 0.98775 0.630?6 u'0.90O0 1.19677 V.760115

a d.68241-01 6,0365.+00 NP 0.94362 0.90777 v.95200 1.094A2 0.06560
9 .24440R-03 7.78%0*+00 lip 0997 0.96540 0.qM300 1103S43 U.94891

0 10 A,52"C .3009"+00o fM 1.00000 1.00000 1.00001. 1.0r)000 1.00000
It 4.1I574.03 A.P1770+00 NM 0.99986 0.99794 0.Q9990u I O1.0fl3 13.991186
12 4.99620-01 4.94S71+00 1,11 0.99973 U.90586 0.09110 1:100424. U.9`1377
is w.66-3 80amw+00i NM 0.999053 0.985370 0.11I300 1014117 U.97845
14 6.141940-03 8.0511I#00 )JIA O.99d92 0.963#18 0.99200 1 .01 b99 V.97543
15 0.70091-011 .6o~0 ~ 0.99851 009776? 0.96900 1.02332 0.96b4b
lb 7.2711%*-03 7.9743'+60 Nt 0.94811 0.97171 0.9m600 1.196 0.95769
17 1.186,41-O 7.81116*+00 Nim 0.99784 0.90777 0.98400) 1.016333 ii.q5280
1# 1:.34024-01 7.74ilo~fg fill 0."9111 111965"0 0.99300 1.03%4b 0.94691
19 9.01A00-03 7.7262*fc0 Nti 0.99744 0.96190 0.94100 1.04011 0.94317
10 4.5768'-03 7.&60MO-00 NM 0.99718 0,95b01 4.97900 1.(141429 0,93748
at 1.0151"-02 7.5I04"+At0 N4 0.99691 u.9%416 4J.97700 1.1)4806 0.93164

INPUT VAPIAIILES Y/bELTAeU/U13 AS3UME 6.61) AND VA14 DRIE11



* 7201.C.4

*72010l1 V I. EIvfIS PnINFLt TABULATIIn 23 POlINT.%, O.LIA Al POINT I 'I

I y PIP/P 11 /[Inl To / 7e pl 1.10 U/tit I /10 RHOR~iflU*U/UU

1 0 . on (i)-0# I . n0110" +(it) :v 0 .14?138 1 (. i)00 Itono jqnmi' 2. 1.'3ge 0.0ouOO
2 1.13417"-0'h 2.07"1 tI 0 19h0I.9 0I*b,1915 u i~,b,3fO 1.61100. ) .110b23
3 2.070IM*-04 1.t)91,q"+f0 WA C1I14(3714 0.5133lq b.tq7' 11 1.%1I'01 V U. 

4 jqib

b 9.8150)-04 4.59P'1"+tlo 114 0.977044 0.6`1800 Q.1(1000 1 ..%7e'7 1 U.5Q4481
7 1.918"-Ull 4.?4"+'0 trwl 0.97919* 0.72212 0 .a 7 O I .39?7 3 u.b~a3b
5 L.839111-03 5.56,71"0f0 1,I10 o.qM373 0 . ?7 93 V .875()() eeb 3h U.b8"5

10 2.9J452*-O3 7.1937"#A0 tWA 11.9927r, u.8q3172 0.01boo 1.12043 0.0L4432
11 1a.5631"-03 A.l1761*11~0 lk 11.9467) U.95051 0 .97.3011 1.115436 0.925bil
12 4 .1 OWl-03 A .i?44" A0 lip, U.90661 0.91A1hi0 qaill)u I.1?282 U*90794
13 4I.hbQb"-fli A.Piotii10 +n 10. 0.9q97) Q.951 u9111uo) k. imbsO 0.99)345
il SA .3003"-03 11.1118110"4,11C) I,. M .0000') 1 0 (0 ()0 1 . 311"100 1 .0(Iup1 1.000006
15 5.927b"-0i 68.8001+00 lif I vqoA0(~ 1 .1)(1)(0 1 .00011O 1 1ilfU I.000nof
16 (A.44S33-01 6.II4'iI",pno Ilk 0.9498b 1).911786 li.0000) 1 .110~2P 0.9`1672
17 7.006A"-ol 11.844" +Il.l hN fl.'VqgAb 0,907116 Uo.999) 1.112?4 v).'a6?,?
In j.554-01 11.7720"I,011 ,Ft l.4*999t9 0. ;q $54 V. )n7.) U I pli(11J 0.9qo~j

19 b.117Q"-03 41.772r)().40 lip 0. 9195ý9 1).9q IS9 I).,p97 nq 111) 6A I q.qq0?
20 4.718b'-ol 4.70250#00 fit 011.9931 0.9693.6 U .94:.40 1.0,11444 0.91175
21 9.1704*-ol jj*%qAq~p+0( -IM 0.9q9a9 0.96130b 0.19200u L,')18?1 U.971120
112 9.8?971-03 A.ws2GQq4(0 lip 0.9q863 V.91090 I). r19l0n0 1 .0221Y' (1.961qd
23 1.04120".02 a. 12A6.11n flM 00431?2 0.17270 0.91170)0 I.u2961 0.9556b

INP~UT VA141AL3LES Y/DLL k, U/tID ASSUKIE PUPD) AND0 WAIi 0RIFS1

720111119 111413 PROFILE TAAILLA¶IMlI 32 POINTSP DE.LTA AT PWjINY 23

I Y P21/P P/PD T~i/TOfl M/tD U./kin T/70 NHHC)RHOL)*U/UO

I 0:11no0 f)4100+00 Ilk, 0.9213A Q..001 i:001100 3.3S775 U.00000

3 1.0454".04 1.615%0+110 141 Q.45532 0.42,274 0.651100 2.360iJ2 16.27419
aI 4.61117b.011 J.AI1'1I+00 lit' 0.'4i.11 U.4951(7 0.70300 2.12759 0.319112
5 %7AWl~1-04 b.1a'19.+00 1, 0.77122 0.57752 uj.7920h) I AA(1171 0.42112

0 1.0032*.03 b.90h1*flO III 0.97gS8 0.61422 0.81900 1.77797 0.4b064
7 1.119140-03 0.I4904eioo 111, 0.97964 V.4o73lq 0.8%8010 1.6?346 0.5011511
a 4~?2"O .116`14"00 N" 0.9810'I 0.71065 0.811100 1.074871 Q.b99110
9 I.S'OW-03 I.Oaaa82l"0 110, 0.94759 (1.77()65 0.91600 1.361j35 0.66,36

10 4.4426*-Di 1.1152""1 F'I. 0.911930 0.tdflSP7 1).9211(11) 1.321)111 Q.69876
II .3sio-01 11.22691,1111 fill 0.991113 0.03245 Q.94000 1.2750l4 0.13720

12 b.144%"-.03 I.?816+1 lip 0.9q4111 0.0515I4 0.9148()o 1 .249114 U.7646%8
Is 7.055l*-03 11.152*+01 fit 0.90322 v.8A1193 W.9%ss"I .20794% 0.79062

15 b.74120"-013 1.4I1R90+01 11'. 0.99485 u~hQ71(q 0.96#0no 1.1ilQ) 11.61421
16 g.b0ISl-03 I.411?471fi 141 U.991374 0.91414 Q.97s!IlU 1.130so 0.85960
17 1.04UR*-02 1 .*1112* 0)1 N'f 0.99040 (1.112839 0 .q770 I .I imI7 0.66214
le 1.13044-~02 I .56o9ll"401 lit 0.94725 (1.44105 ij.9m~fl 1 .0843,62 0.14064
19 1.jU"0 .%4O9~i0j Ilk O.9'I?A( 0.95512 u.9M1(fl' 1.0h%?I 0.42s20
a0 1.31159"-112 1.ft'I011"'ll lit 0.9984? 0.96711 0.9940111) 1.647111 0.4145S3
a1 1.3973*-0? a.6719*01%1 UP 0.1098113 0.97 1`0 V.q9.3(4 1.1)3g47 0.96130

22 1.d4A1w.02o 1 .721(V*iI 11 W, 0.90969 0.Q9f132 u0,9980( 1 .01144 0.9981(6
D2 .S 02 1.71123+IlI W, 1 .011000 1.01u70 1 .0112011 11.'JQoS. 1 .06111)

211 1.64W9-0,? f.12"4 il 1.001)41 1.024is 1.0117ou 0 .9hb79 1.041,19

28 1.99,W-02 10.0011"u tip 1.o00M I 695 1.4'8 1.o1410' 0.93$36 1 . Oa6,4
2 9 Ie.0?2b*-OZ I.Ili0b0#0 ti.. 1.04%)9 1.061859 1.019040 0.q0933 1.12060
30 4?. 166.t" -02.13'4 lilt 1.06141h L6. bs 1. 0065 I4110~ 0.67550 1.17141
$11 1.2342*-02 2.iF(1s0#01 NIk .01Auosl I.1?V14 1.03304 V0.14)144 1*227b?
31 2.36431-02 2.?74I1'n I I . 0131014)l 1.143616 I .U 0 0 0.h 18.216 1.26176

INPUT VARIAULLS Y/DLLI.14,WUf A3SUtiE PIPL) ANDI VAII QPIL,1I



7202-A-I

M: ,9 7202
R THETA X In 3 : 7 - 58.
TW/TR : 1.0, 0.8, 0.25.

ZPG
AW - MHT - SHT

Boundary-layer channel. Effectively continuous, W' - 0.33 H - 0,272 m.

0.1 < PO 4 1,1 MI/m2 . 320 < TO < 451 K. Air, dew point 215-233 K. 1.7 < RE/m X 10-6 < 25.

VOISINET R.LP. and LEE RE., 1972, Measurements of a Mach 4.9 zero-pressure-gradient turbulent boundary-
layer with heat transfer. Part I-Data compilation. NOL TR 72-232,
And Voisinet R.L.P., private communications, Lee at al (1966).
Also Lee, Yenta and Leonas (1968) (1969), Gates (1973) (CAT 7301)

The test boundary layer was formed on a flat cooper surface opposite the flexible half-nozzle. The plate
was 2.69 m long and extended upstream of the nozzle throat (X w 0). The plate increased in width from
305 mm at the throat to 343 mm at the channel exit. The nozzle contours are presented In table 1 of
section A and the height of the parallel section, as operated, was 272 mm. The plate could be actively
cooled with water or liquid nitrogen, and the specification called for a surface finish with roughness
below 0.8 U r.m.^, and waviness less than 5 X rn' m/m. The zero pressure f1radient region started at
X - 1.397 m and instrumentation could be attached to or inserted through five removable ports downstream

2 of this point, (A full description of the basic facility is given by Lee et al., 1966). Axial Pitot surveys
5 showed the flow to be shock free with less than 1 % variation of Mach number in the test znne. In a central

region along the test plate, about 150 mm wide, the flow did not exhibit any effects due to cross-flow.
3 Skin friction cuefficients measured at a point 0.254 m downstream of the nozzle throat were very close

to turbulent values at high PO, Low pressure tests (PO • 0,06 MN/mr2 
- PC) gave data which appeared to

deviate from turbulent flow prediction, The authors therefore present only data for PO a 0,1 MN/m2 or
4 above, which is believed to represent fully turbulent flow. The test boundary layer passed through the

strong reflected-wave expansion of the nozzle, the pressure distribution being given in table 2 of

section A. The wall temperature histories are given In table 3 of section A. Substantial heat-transfer
from the flow occurred in the nozzle region.

6 Measurements were made at the five instrumentation ports centred on X a 1.524, 1.778, 1.981, 2.134, 2.286 m.
7 Skin friction and hoat flux measurements were made at these stations while traverses were made 76.2 mm

upstream. The relative positions of the various measurements, taking a local zero on the centre line at
the X-value of the Pttot-probe tip are:

8 PT2 TAUW 0 PW (a) PW (bc) TW TO
X : 0 + 76.2 + 76.2 0 76.2 0 (E) 0 mm

Z ; + 12.7 0 0 0 + 76.2 - 50.8 (E) - 12,7 mm

The static hole diameter was 0.79 am, and wall temperature was measured by thermocouples attached to the
underside of the copper plate. Temperature differences over the thickness of the plate were less than
I°K, Wall shear stress was measured usinq two FEB. For the AW and some MHT tests a Kistler balance
(model 322 M 107) was used (Paros 1970). For the SHT end some MHT tests, a NOL design intended to operate
in strongly cooled-wall and pressure-gradient conditions was employed. This was a modification of tho
design of Bruno at al. (1969). The floating element cooling system did not function, so that the temperature
of the element was higher than that of the surrounding wall, In the SHT case, this difference could be as
much as 100K which, the authors suggest, could result in the balance recording a value as much as 20 %
below the true wall stress. The heat-flux was measured with a thoreo-pile qauge attached to the centre
of each port, using the manufacturers calibration. (RdF Corp. Hudson, New Hampshire, Model 20463-3,)

7 Pitot, TO and P profiles w•r* measured, however only Pitot and TO results, measured simultaneously, are
presented (but see § 9 below). Two TTP were used, one an FCP (Danberg 1961) for which a w 50, d - 1,27,
1 - 12.7 m, and the other an FWP (Yenta, 1970) with a chromel / alumel Junction, for which d - 0.0254,
b 3.56 ,1 20 (E) em. The TPP was an FPP for which h, .0.127, h2- 0.076, b, 2.54, 1 * 20 (E) mm,
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9 Any small differences in V betwe.en the TTP and the TPP were eliminated by the authors who normalised the
TO data to the Y values of the PT2 probe. The values for Y less than 0.635 mm were obtained by extrapolating

the profile to meet the wall temperature. The static pressure distribution presented Is an interpolation

giving zero normal pressure gradient at the wall, aqreeinq with the measured value of PW, and with the
values and trend of the static pressure in the free stream as determined from PT2 and the tunnel reservoir

pressure (Voisinet et a1. 1971). Substantial pressure variation Is only observed at the first station, where

the profile normal in the outer part of the boundary layer intercepts the last part of the nozzle expansion,
10 here reflected as a simple wave, Corre:tions were applied to the Pitot data for viscous and molecular

effects, and also for probe-wall Interference. Both corrections were based on calibration experiments.
11 (Source, Appendix A). Sutherland's viscosity relation was used.

12 The editors have accepted the Interpolations and corrections made by the authors. The edqe reservoir state
has been calculated from the static pressure and temperature data with the Mach number distribution as
presented. The authors present their wall shear stress and heat transfer data as measured on separate
occasions at the contre of the ports - that is, 76.2 mm downstream of the profiles. The wall temperature
histories for these runA were not exactly as for the profile measurements. The CF and CQ values presented
with the profiles have been interpolated by the editors on the basis of the author's R THETA values alone.
No adjustment has been wade for the small X-difference, introducing a systematic error which is, however,
very small as compared to the scatter of the date. Following the author's stated preference, the CF values
presented for the MHT case are those measured with the NOL balance where possible. For the AW and SHTdata
Is only available from the Kistler and NOL balances respectively. Where comparison Is possible, the Kistler
balance appears to read systematically about 3 % higher. (Skin friction values for profiles 0601, 0701,

0801, 0901 and 1001 weremeasured with a Kistler balance. The authors state that the two balances agreed
to within 5 % in comparative measurements.) We present revised date for profile 1201 (private cowmunication).

13 The profile sets presented are distinguished by total pressure (Reynolds number), by the heat transfer on
14 the experimental wall, and by the TTP used. The data sets are:

CUDE POD TOD TW
7202 Y NX P FM/m K K

0101-5 AU 5 ECP Kistler 0.1 365 300
0201-6 AW 5 ECP Kistler 0.5 355 295
0301-6 AW 6 ECP Kistler 1.0 365 295
0401-4 AW 4 FWP Kistler n.1 365 295
0501-5 AW 5 FWP Kistler 0.6 350 295
0601-5 MHT 5 ECP NOL 0,1 445 300
0701-5 MHT I ECP NOL 0,5 415 300
0801-5 MNT 5 FCP NnL 1,0 415 300
0901-6 irT 5 PUP NOL 0.1 425 295
1001-6 ,MT 5 FPP NOL 0.5 420 295
1101-3 SHY 3 ECP NOL 0.1 425 85
1201-3 SHY 3 ECP NOL 0,5 *t25 90
1301-3 SHY 3 ECP NOL 1,0 425 100
1401-2 SHY 2 IUP NOL 0..1 426 86
1601-2 SHT 2 FWP NOL 0.5 425 90

Data: 7202 0101-1502. Pitot and TO profilts simultaneously. NX * 2 to 6. CF from FEB. CO from thermopiltes,
measured separately and with slightly different thermal histories,

15 Editore' commients
This entry describes the ZPG case which forms part of a comprehensive study using the same facility and
the same Instrumentation. The FM case 1% described -in CAT 7304, and the AM case In Voisinet et el. 1971.
Taken together, the three data-sets cover a very wide ranqe of systematically varied qoverninq parameters.
They provide the only fully documented case with a wide range of TW/TR values, These data supersede the
earlier comparable tests in the same facility reported by La. at al. (1966, 1969 - ZPtI), Bratt et al,
(1969, 1970 - FP). Tabular data for the APG (1971) case are not at present available.

In many cases substantial heat transfer took place in the nozzle region, so that there is A downstream
heat-transfer history effect in addition to any downstream effect of the nozzle pressure-gradient, Thus,
in the AU case, the zero-heat-transfer well temperature is the 11 value given in scetion B or table 3,
and was determined by adjusting the wall cooling rate so as to have no measurable heat flux at the

Air",.•
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measuring ports. This adiabatic wall temperature, TAW, differs noticeably from the "flat plate recovery
temperature" TR. Further tests to assess the effect of upstream heat transfer are reported by Gates
(CAT 7301). On a transformed wall-law plot many of the profiles show inner region characteristics which

could be described as transitional.

Static pressure variations normal to the test surface were generally small, except for the first station.
where the profll* normal extends into the last, simple wave, part of the nozzle expansion. The reduced data
of section 6 have been prepared both with a fixed reference state (the D-stato) and also with a varying

pressure-based reference state, the tables for which follow the normal section B.

There are no truly comparable experiments, but the same Mach number and Reynolds number ranges are covered
In part for the adiabatic wall case by Gates (CAT 7301), Allen (CAr 7303) and Mabey at al. (CAT 7402), with

various geoetries.

TABLE I TABLE 2
NOZZLE CONTOUR COORDINATES NOZZLE WALL PRESS.IORF OISTRIRIITION

P W/Po x 103
x (mi n)(m) x (meters) nlesign Experiment

0.0000 0.01077
0,2794 0,02969 0.000 528,30
0.3810 0.04598 0.127 194.04
0,5688 0.08738 0.267 70.02
0,7366 0.12970 0.385 29.24
0.9144 0,.16475 0.669 11.47 10.6A
1,0668 0.18962 0,635 8,25 8,00
1,2446 0.21296 0.711 6.22 6,04
1,4224 0,23107 0.787 5.22 4,68
1.6002 0.24486 0.864 3.97 3.951,7780 0,25518 0.940 3.32 3.44
1.9658 0,26264 1.067 2.66 2.67
2.1591 0,26838 1.143 2.41 2,43
d.3368 0.27162 1.194 2.31 2.29

1.270 2.20 2.10
1.448 2.12 1,99
1.524 2.12 1.99
1.702 2.12 2,04
1,778 2,12 2,09
1.905 2.12 2.04
1,981 2.12 2,02
2.067 2.12 2.m3
2,134 2.12 2,05
2.210 2.12 2.11
2.286 2.12 2,14

TAILE 3

NOZZLE WALL TtPI URE T ISTTIIUTION

x (meters)
0.000 0.279 0.467 0.711 O.K4 1,067 1.194 1,446 1.702 1.906 2,061 2.210

CAT 7202

SERIES Cade Average iW (OK)

03 ZWGW TO 10., 346- 307, 306. 303. 297, 297. 29?. 29. 29?. 29?, 297. 297. 29?.
01 lw 5, 346, 2H, 207. 299. 391, 296. 296, 96., 260. 29., 296. 2o. a96,
01 TO 1. 341, 27., 23. 4, . 296., 9. 298, 2, 29. 2 9. 298. 2, 6., 298.
05 704 5. 345, 300. 294, 294, 296. 200. 296. 296. 204. 294. 296. 196. 296.
04 T05 1. 346, 261, 264. 290. 2"6. 296. 296. 296, 296. 296. 294. 296. 396.

06 ZPG-Mi4T T06 10. 423. 338. 300. 298. 298, 298, 296, - 300. 299. 9".
0? TO? 0. 423. 327. 301. 290. 299. 299. 299. 291. - 302. 301. 301.
06 TOO 1. 423. 266. 301. 299. 299, 299. 299, 299. 299. 300. 301. 301. 301.
10 TO9 5. 423. 342. 333. 319. 300, 299. 299, 299. 299. 299. 299. 299. 299.
09 T010 1. 423. 300. 302. 303. 299. 299. 19. 299., 299. 399. 299. 299. lit.

13I WC94W TD11 10, 433. 332. 311. 214, 176. 124. 97. - 67. 91. 91. 9?.
12,11 1TI0 S. 423. 3z2. 176. 141. 94. 66. - 6. 6t6 . 1 9.
11,14 TD13 1. 413. t8o. 2t7. 160, 16. G6. 64, - 64. 64. N. as.
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CAT 720a VOISINET BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD TN/¶R MENi CF * NIE HIlK pwAl PO*
X ROD0 PWIPO REDM CQ * H32 M32K TWa 70*
R2 TO0 5W * D2 P12 H42 02K UD TR

72o20191 4.7553 0.9214q I.5563*+o3 8.9000"-06 qglis 1.4493 2.33600*00 2.5S77",'Q?
1.44600+00 1.0124"+.05 0.9133 6.2612"+03 NM4 1.6320 1.7768 2.99800*02 6.M157't0I
INFINITE 3S.4311+02 0.0000 2.71690-03 0.0000*+00 0.6266 5.6121"-03 1.6366.012 3.241411+02

72020101 4.7662 0.ql)1 1.7524"+03 64TcOo0-04 6.1573 1.4663 2.4960.01a 2.SI05',0l
1.70200+00 1.006600S 0.9942 7.06250+03 NO 1.6135 1.7503 2.9700640l 6.35850+01
INFINITE 305247a0#0 060000 3.07311-03 0.00000+00 0.5728 6.1059003 7.62014+42 3.221430+02

71010103 4.7879 0.9250 1.77410+03 5.6O000*-0 6.4273 1.14598 2.'44106+02 2.46134+02
*1.90500+00 1.01329405 009918 7.22250+03 NM 1.6163 1.7614 3.02140*t4l 6.140044+01

INFINITE 3.5745*402 0.0000 3.l2210-03 0.0000"+00 0.56286 .696140-03 7.68000+02 3.2693N,002

7202cl04 4.0920 0.9124 l.955s"+03 5.3000'-04 0.0701 1.14732 2.5460"+02 2.4676d+02
2.05700+00 1.01966405 1.0316 7.86S94+03 NM 1,7996 1.7476 2.96004+02 6.36720+01
INFINITE 3.570940+0 0.0000 3.46401-03 0.00000+00 0.Si161 7.26630-03 7.6770.0+0 3.26b0*+02

?27020105 6.60141 0.9195 2.1014S*03 8.2000"-014 6.0043 1.41145 i.S210.0+ 2.4671s0+0
2.2100~0fo 1.03S50505 1.0219 8.51%10+03 NM 1.6005 1.7696 i.VI700+02 6.2894"401
INFINITE 3.5311102 0.0000 3.70601-03 0.0000"+00O0.5302 7.7218"-03 7.6388"+0l 3,23Q1*+02

72020010 4.18004 0.9149 41.17642"03 7.2000".04 9.6660 1.3470 1.08200+03 1.191490+03
L.44800+00 14.6?14%"05 0.4056 2.0898"*04 NM 1.51461 1.7939 2.9600"#02 6.3496.0+0
INFINITE 3.5370**02 0.0000 1.69147*.03 0.00001+00 0.5169 3.4409".01 7.657450+g 3.2352"+02

72020202 4.6127 0.9106 5.4034'+03 66SS00-014 8.5729 1.3910 l.15600403 1.161414'.03
1.70900#00 14.91900t05 0.9971 l.41644+04 NM 1.6210 1.7721 209570*0#0 6.2393'041

*INFINITE 3.S139"+02 0.0000 2.t8SS*-03 0.00000+00 0.14935 14.14B9*-03 7.62014"#01 3.2126'0+0

*720104103 4.6546 0.19079 6.6969"+03 b.40000-014 6.3366 1.3070 1.17l00*03 1.16150+03
1.90300+00 S.1760*0'5 1.0062 2.714530+04 NO 2.8211 1.0690 2*99510402 b6.1119m,01

*INFINITE 3.5554~000 0.0000 2.45142'-03 0.0000*400 0.5160 5i.01712"03 7.*7624402 1.9503.0+0

74010106 4.6092 0.10153 6.8013'*03 6.3000*-06 9.1170 1.14059 l.1810,#03 1.2110'02
l.0%700*00 $.14149005 0.9696 2.7b300006 NM 1.6136 1.7424 a.9660"402 6.30311.01
INFINITE 34%14S94#62 0.0000 a.4246'.03 0.0000"+UO 0.4767 S922544-03 746553t040 5.21427e0+0

71010105 4.0232 0.9271 6.9629'0+0 6.2000S.0460.6162 1.397S I1,90N+"03 1.17650#03
2 .21006#00 5.05118t05o 1.0131 2.8764*4014 NM 1.0075 1.757 R09900N+02 6.93574+01
INFINITE 1.9246*t01 0.0000 P.S631d-03 0.00000400 0.61474 5.4606P-01 7,636140+0 3.22314+02

710a3031 6.6042 0.6272 q.5104"+03 6.3000".04 10.192b 1.3118 2.Rl600.03 2.39560+03
1044600#00 loO0570006 0.4291 3.9006"4004 NM 1.8496 1.6036 3.2000'402 6.34420'0+0
INFINITE 3.5617'401 0.0000 1.7578"-03 0.0000.+00 0.4137 3.600I1--J3 7.6709"$02 3.2571"402

71010301 4.6160 0.q616 1.1919"+04 5.7000~-014 6.3082 1.3302 2.3430N003 i.3630'403
147O010000 909751660% 1.0000 14.8?07.+04 NM 1.6043 1.7907 2.9430'0+0 b.aa74401i
INFINITE .51ol0.0000 2,1760V-03 0.00000+00 0.9062 4.11405*-03 7.6199*402 3.il111402

78200303 4,0665 0.91214 2.0371*014 5'.8000"-014 10.0147 1.3489 a.lbadOu3 20391044*0$
109050"490 1.0796*006 0.04111 4I.28080+04 NM 1.S266 1.76008 .960'001 6.J0120+01
INFINITE 3.11510toal 0.60000 1.614374-03 0.00000#00 0.147t3 5.9689"-03 1.660504021 .24970402

71024394 6.0100 0.9207 1.1506+014 5.61100u-04 10.0415 1.3579 i.aS610.03 2.42880#03
41.05700+00 1*0390*406 0.0341 14.7013%+014 NM 1.6262 1.7761 3.0210*#02 643S460+01
INFINITE 3.50614*61 0.0000 2.06920-03 0.0000.+00 0.5009 4.5131"-03 ?.?038%*0l 1.2811"402

71020305 4.3010 0.4131 1.352110+04 S.550-01186.%063 1.1745 1.39500+03 2039SON+90
2.11005400 1.003'2'0tO t.0000 S.3?9*4,04 NM 1.6196 1.7707 2.91600+01 .l720
INFINITE 3.694f"*02 0,0000 2.36064-03 0.00000+00 0.41401 14.0934*-03 7.59710+01 3.19%6'0#0



7202-B-2

CAT 7204t VOISINET 8OUNDARY CONUITIDN3 AND EVALUATED DATA. 31 UNITS.

RUN MD * T/IA PLba* CF * Nia 1112K RW* PD*
K Poo P14/PD RED20 Co * H32 M32K w*. YD*
RZ TOD SN 't 02 P12 M412 D2K UD TR

72020401 4.7417 0.9118 2.6627*+03 a.0000"~-04 MW~O 1.14401 2.3%s0"+02 2.6371"#02
1.408fl*+oo 1.0.168*405 0.6934 b.5865"t03 hm 1.6368 1.7798 2.9500"+02 6.03300+01

IxINFItoITE 3.53bI**02 0.0000 2.79211-03 0.0O000"+0 0.7551 5.b3419"-03I 7.6252"#0! 3.2352"+02

7202000? 4,.7689 0.9092 I.91511*+03 6.2000"-0'1 7.9a36 1.4602 a.414100+02 2.4735*.O2
1.9050**00 1.0194"405 0.9866 7.65760403 NM 1.6172 1.7616 2.937040+0 6.312220+01
INFINITE 3.53?11102 0.0000 3.4246"1-03 0.00000+00 0.111110 6.89930-U3 7.613460+02 3.23034#02

72020010 11.8253 0.9066 !.1020*#03 8.1000"-024 7.627b 1.06112 a.'4450"#02 2.'4190"+02
2.05701*00 l.0516'0+0 1.0000 M.S2340+03 14M 1.6143 1.7564 2.94ZO04Ol 6.?.?411'.Q
INFINIIF 3.1al91s0+0 o.0000 S.b6870-03 0.O00000+00 0.6627 7.41I2d0-u3 7.b632*0l0 3.2M4U10-02

7U02011041 4.7911 0.9045 2.0510+0,3 6.2'S00*-04 0.1837 1.46165 2,4~3700+02 2.41743Ni'02
2.l2100.00 2.074"0*0 0.4844 8.2597*1O3 NM 1.6054 1 .7521b a.911100+02 6.2921"+01
INFINITE 3.522800f2 0.0000 S.S68SI-03 0.00000#00 0.61106 7.47230-03 7.62620+02 3.2164+02

72020sot 4,6684 0.4278 S.0612*+03 7.20000-04 10.1367 1.3402 1.06200+03 I.0501'M+O3
1.448s0#00 5.2116"+CS 0.9231 2.12590+04 NM 1.0461l 1.7972 2.9110*Ol2 6.06990+01
INFINITE 1.45413"~02 O.OnO~i 1.845SP-03 0.00000*on O.511 3.86d440-03 7.60486+02 3,18500+02

71020501 4,.6770 0.4210 S.AS11'03 6.S10P0040 9.44066 1.3696 1.08900+03 1,1l2150+03
1.7020"+00 5.13412001l 0.9711 Kaiat1,04 NM 14829a 1.77s1 2.93304002 6.020l'*01
INFINITE 3.46W+0'02 0.0000 2.16401-03 0.00600+*O0 0.16862 11.6129"-03 7.50701+02 3.16601+02

U802003 4.6610 0.911s6 S.95470+03 6.5fl00*.0l 11.2694 1023945 1.09900+03 1.10560+03
1.90500+00 40.664040%1 0.09410 2,4912*.04 NM 1.82P6 1.7701 2,9590'0+0 6.12114l.02

*INFINITE 3.150094*02 M.0000 P.2794"-03 0.000o0+00 0.4312 4I.879190o 7.e.2081+02 3.20040901

72020500 M.5902 0.9224 6.460750+03 6.35W04-' 9.301a 1.3637 1.09100+03 1.1110,0+0
2*05790400 S.1614m*OS 0.9620 1.691N97'01 NM 1.6211 1.7723 2.95200402 6*0151'.01

*INFINITC 3.s026't02 0.0000 2.110W9-03 0.0000"0+0 0.4797 5.16110-03 7.11191o02 3.2004*#01

72020501 4.9020 0.92486 6.63690+03 6l150ON-011 9.119411.2366b1 1.10900.03 1.1068"003
2.l21000+0 S.22750.045 .0002 2,.111,4+04 lim 1.6itob12.71615 2.961300402 6.0383ut0i
INFINITE 1.50%0#~02 4.0000 2.0927*..03 0.0000'0+0 0.45112 5.34606".03 7.637040*0 3.20seo*01

71010010 4.7747 0.784S1 .86119'4+03 iossp0,-q 11.621 1.4414a 2.33SO**02 9.4b0*021.O
2.41160',00 1.0027N*05 0.9436 6.01SQN+03 7.01000-05 1.61117 1.7733 2.979004.02 7146117*0#0
INFINITE 4.15122'02 q.0004' 3.S9770-03 0.0000'00 O0.6116l O.11103*-03 8.2722**02 s,7972'.01

71020602 4.0618 0.7660 1.9743"+03 I.0310'-03 6,3106 1.14471 9.36600+09 2.39641*#01
1.70200.00 1.01290#05 0.996S 6.93010#03 11.76000-051,8.152 1,7602 2.9761000a 7.3117*001
INFINITE 4,1260.0M 0.0000 3.65391-03 0,00000'*Uf 0.6434 11.98bl"-03 6.2600+.01 3.77294#01

72020603 4.0303 0.7939 1.96/700+03 1,.oaso"-03 6,71110 2.11011 1.32700*02 2.369V+02
1.90500t00 l.03W*9'0 0.9760 6.93170#03 6.58000-05 1.6130 217623 3.03000*02 7.36110'402
INFINITE 4.1718040a 0.0000 3.06989-03 0.O00)0",U0 0.5410 7.30320-03 6,31190+02 3.86140+02

710101104 4,6126 0.7986 1.01109'.03 1,01000-01 6.6339 1.0419 2.41100+02 a.42120,02
2.0S70*000 1.0272'0#5 0.9963 7.27611"M0 b.31000-US WeV3 1.7513 3.0380.0#0 7.384100+01
INFINITE 4.61910902 0.0000 4.06068*-11 0.0000"+OA 1.6021 7.6801~--43 l*.1,06+02 1.803114"02

71o01060 4.8114 0.79651 .9739'i.03 1.01260-O1 7.2sas 1.11611 9.3#304+02 2.411900+02
2.21000+00 1.03690*05 0.4730 11.95866'03 11.59200"-05 1.7938 1.74111 3.018004021 .3S9S*+Q1
INFINITE 4.14300*0l 0.0000 I.A2990-03 O.nfloo09 0.7603 7.6203-03 8,17517402 ).?8904+02

71020701 11.6216 0.1890 S.76470+03 8.0%000-04I 8.95118 1.34613 1.0l4ON+03 I.M14+703
1.44600400 .11290440% 0.6164 2.0346".004 51.000".01 1.6421 1.7436 i.9&011+04I2 7.31640+01
INFINITE 11.1$630#02 0.0000 2.27144'-03 0.0000'4+00 0.61517 4.%lS"5-03 8.271W+02 3.76120#02

71202002 4.6631 0.7901 6.45213"+03 7.1000".04 7.1705 1.3707 1.07900+u3 1.0l2al*03
I.M08#'00 1.015350115 0.9616 2.30061'.04 0.66000-01 1.11211 2.7766 2.99100+02 7.1s33'0+0
INFINITE 11.14416'0+0 0.0000 1.6636"-03 0.0000'.00 0.765111 .0796 03 6.19a#N+02 3.7669'*+0

710410703 4,4356 0.7921 6.1813'+03 7.1400"'.04 7.11164 1.3073 1.0600"+03 1.051670*0
1.9000000 51.9S700051 .0012 2.3l970#04 4.6600'0oU 1.62051 .7703 3602100"*0 712l0l20+0
INFINITE 4.1613~0+0 0.0000 2.752l0-01 0.@0000".00 0.7411 5,16al ~01 6.3S10+02O 3.810504.02

71010704 4,6192 0.1934 7.0974"#03 4).0500-04 7,3361 1.4474 1.0860040%3 1.10500eu3
l.05?04#00 9.1346.000 0.9024 2.9604*+04 4134000'-OS146192 2.7697 3,00104.0l 7.1616'*fJ2
INFINITE 4.1400N+481 0,0000 2.94§f#*-03 0.00000'00 0.1413 S.66190-03 6.0%170+02 3.7439m+02

72010701 11.6904 0.791S 7.02730+03 61.0000"-04 7,41664 1.4007 1.2110"*03 1,11734+03
2.8100*+00 5.197P.0+0 0.9968 2.52960+04 4.62000-05148.039 I.7164 3.00500#02 7.16930+01
INFINITE 4.2137'0#0 0.0000 2.09144P-03 0.00000*00 0.16490 5.7761'-03 4.3097.0+0 3.l7o64"+02



7202-11-3

CAT 7202 V013INEY DCUNDARY CONDITIONS AND EVALUATED DATA. 51 UNITS.I

RUN I' * 10/TR PE02W Cf H1I2 HQ1K PW* i
0 t O PHq/PD RED20 co *3 ii32H~K TV#* Tg
RZ TOO 5w *t 02 P12 M42 D2K UD TA

72020601 4.6067 0.7906 1.20250+04 6.10001-09 .Ow 1.3264 2.361040c3 2.3900~*+3
1.44601400 1.0063'*Ob 0.9176 4a.9188"+04 9.IR2O*-O% 1.8*429 1.7984 3.03300+02 7.38674+01
INFINITE 4.IS311,02 0.0000 2.406S"-03 0.O0000+00 0.656b 4.37296'-Ol W.2040"+02 3.7950*.02

71020602 a.BIst 0.759a 1.25S1.'04 5.9900"-04 7.4224 1.3336 2.2260'+03 Z.J14:4+03
I.00200+00 1.0S601+06 0.*931 4.4491,0+4 4.37000-05 1.6394 1.7918 3.02700+ol 7.26950+0t
INFI141TE 4.196%0+02 0.0000 9.61410-03 0.00001+00 0.6673 4.79151-03 6.31094+02 3.43574+02

721020003 4.10166 0.4009 1.09S4*,04 b.1000*.04 7.6779 1.3591 2.1510t0O3 2.15100+03
I.90100+00 1.03470+06 1.0000 4.0146*0+0 4.I100*-05 hU5alO 1.777% 300460$00+ 7413234#01
INFINITE ft.1645*fll 0.0000 2.347P~-03 0.0000e+00 0.6503 0.673*-03 8.316580+0 3.60!.61+0l

y*o,11'04 '4.8760 0.803S 1.2100"+09 5.9%00"~-04 6.0028 1.3604 2.2700"tos 2.2644",03
1 .0-ý7O"+00 1.03%60#06 1.0023 46.fl320+04 '6.0500%-05 160245 L.7774 a.9q50q#o1 7.492SO401
INFINITE 4.0816"402 0.0000 2.9'662*-03 0.0000"+00 O.S6011 4.6303"-03 &.,23330+92 3.71100+02

M200609 4.0'511 0.?965 1.27241+04 5.9000'1-04 7.7016 1.3730 2.2103o0*3 2.29300+03
2.21000,00 1.02370#06 1.0040 4.59414"04 4.22000-05 1.4132 1.7678 1.0500.0+0 7.3280,60I
INFINITE 4.1685'402 0.0000 2.62774-03 0.00001+00 0.6256 5.al5im.O1 6.3342"+02 3.0l91m~02

72020901 W.175 0.?3A1 1.925440) 1.0S004-03 6.7291 1*4120 1.2994,+02 2.6l46m+02
1.44604+00 q.9496*+0w 0.8723 6.28670+03 70S4008 0 1.6296 1.7766 2.968~v020 7.67470+01

*INFINITE 4.29?5'+02 0.0000 3.63971-01 0.0000'4+00 1.1056 b.5l390-03 8.39340+02 3.9260'0+0

?10101#02 *4.7656 0.7607 2.16136*03 9,9000"-04 5.6537 1.4499 2.3%40'0+0 2.46d140*0
1.00200+00 1.011144+05 0.4957 ?.32480+03 7.3000"OS- 1.6164 1.7683 2.97304+92 7.647'1*oi
INFINITE 9.167sot1 0.0i0 4.isiao-ii 0.00004+00 1.0161 7.96505-ull 8.34000+02 3.9013"0+0

71010903 4.6212 0.7606 2.36770+03 9APSO0"-04 S.7633 1.439t R.359040'* a.'31ssl'oa
1.110500+00 1.0530'0t5 0.9360 8.021%4+03 7.2600"-03 1.8146 t.7616 2.979040+0 7155460#01
INFINITE 4.2703"+(12 0.0000 4.17I60-03 0.0000*t00 1.0360 5.0127*-03 8.11046'0+0 1.904906,0

7l2l10o'1 4.6076 0.7602 1.9769*+03 9.SSOO*-04 5.614'4 1.0597 i.93l0'.0l 2.d432040#0
.050%10000 1.0250"fos 1.0000 a. "40+403 7.20000-05 1*4057 k.7545 2.96DO.,01 A72519*g1

*INPINITE 9.25796foa 0.0000 4.4390"-03 0.00000*00 0.9397 8.4862'~-03 6,38821+09 3,693540+0

71020905 '1.4361 0.7569 2.56s37.03 9.0000'-04 5.S601 1.4531 a.41501#02 2.41%04+02
2.11000*00 1.0531l'05 1.0000 I.72870+03 6,63000-05 1.6029 1.7107 4.9asOO402 7.44460+01
INFINITE 4.22674000 0.0000 4.92460-03 0.00001+00 009347 6BMW-1'0 *.366P2$Ol 3.8646"+02

71011001 4.902`9 0.7674 6.06300403 6.0000"-04 7.370S 1.3357 1.9140*0+0 1.10079+03
1.94S0.0#0 S.l91%1"*5 0,9212 2.1413m*09 5.56000-05 1.11457 1.7966 a.9480"Q2 7.237640+1
INFINITE 4.20330#02 0.0000 M.0091-03 0.00000+00 0.9316 4.5796"-u3 &.3629'402 3.aq1so~c1

Mioll~oy 4.9068 0.7713 6.53770e03 7.00000-04 7.3743 1.3701 1.0100*+03 1.09211.03
1.10900#00 1.1799'0#0 0.0910 1.3I124004 1.07001-05 1.4301 1.7799 a.968040+0 7.24080+01
INFINITC 4.81O64*02 0.0000 2.73040-03 0.00000+00 0.6639 S.17510-03 &.37l15.Ql 3.64411#02

MUM100 4.4955 0.7665 7.q3004+03 6.6500P-o4 6.6925 t.3660 I.I0Ol0sO.3 l.10200to0
1.90snoo00 5.I%69"t05 1.0000 2.64690+04 S.03001-05 1.9219 1.772,1 2.1.959 Q401 7.17220*01
INFINITE 46R1194#02 0.0000 3.12730-03 0.00000*00 0.7943 5.7705*-03 16.3703*+02 3.41904*60

71011004 4.4617 0.7070 7.946900O3 6.10000-0U 6t$561 1.3713 1.05302+03 1.0%30,UI3
2.05700#00 9.4%500q05 1.0000 2.9674*+04 5.01S000-03 1.6269 1.7743 2.4600N+02 7.06944401
INFINITE 4.8448062$l 0.00000 3.34760-03 0.06t00"00 0.6749 6.1050-03 8.4070"*02 3.6591*+02

720a1005 4.40%S 0.77S4 7.Sb23,0O3 6.8000-04J 6.6535 1.3637 1.0600'.03 1.08008+03
Z.V1000#00 4.11410+05 1.0000 2.6816'0#04 4.9300~-6s 1.617*4 1.7675 2.9990'40l 7.iS607+01
INFINITE 4.13at~t01 n.0000 3.229%'-03 0.00040+00 0.6061 6.077s"-03 0.1901+4021.66770+02

710211101 4.6114 0.21#11 7.90501+03 1.6S@0.-03 3.0377 1.4027 2.3390*+0a a.1190,0+0
1.90O00#00 l.0035.40% 100400 6.93554+03 4.2190"-04 1.7645 1.7579 644300+01 7.50594+01
INFINITE 4,8644'40.2 0.0000 5.33150-03 0.000011+00 1.1440 7.6190".03 6.391180+0 3.11q9040+0

M*llie? 4.6317 0.2166 11.20810.1O 1.6500*03 4.0450 1.4000 2.3%000+02 1.3%00"t0l
2.09?00.00 t.oaaI..os 1.0000 9.21660+0 1.946Q00-04 1.7796 1.7531 6.39100.01 70.911P0ta
INFINITI! 4.1339,0+0 0.0000 S.3639*-03 0.0000"900 1.1161 766395'-1I3 6.37964+02 3.6707.0+0

Mak0o10 4.6110 0.2113 0,1094+,03 1.6100"-03 3.6978 1.913# 2.4SlO*40l a,3491'0#0
a.11904+00 i.0291mf05 1.0263 q.?3470+03 4.01600-04 107741 1 7 6#430400+0 7.14590#01
INFINITE 4.2637~t01 0.O0000 %.68621-03 0.00000.00 1.0994 6e.DI164-01 41193,63~02 3.4947"402



7202-0. 4

CAI U020 VOISINEY BOUNDCAR~Y CONLU!lIONS AND LVALUAIEU DATA. S1 VHITS.

RUN M)* Tvi/TR P~l~ CF * H12 6II2K fil.s PD*
X Poo PW/PD PED~r) Co * lP32 H32K 711*To
RZ TOD SN' * ? P12 tiM? 02K~ UD Y

72021201 Q6.9151 D.2237 2.36%i2'#04 1.1550.-OS S.5707 1.360'6 1.1050"+03S 1.1050"+D3
1.905O.I00 5.29Wf2os t.0000 ?.8139"+04 Nm 1.8011 1.771S 8.6850"HJ1 7.2842"+Ul
INFINITE1 4.a79"tO2 0.0000 3.30M1'-03 O.OO00+VO 0.9I0? 5.'60651-03 8.4107"+O2 3.6819"+02

72021?20 '6.9030 0.214t4 P.30W04'0 1.200O"-us 5.46713 1.3577 1.04800O+03 1.0929"+D3
*2.0%700*00 S.5S97't0'j 0.9590 2.q3S6o+04 4.916o*00-' 1.8011 1.7719 9.'40100+01 7.33uso.01

INFINITE '6.2610'02O 0.0000 3.v)3%9"-03 0.00000+00 1.0194 5.7217*-U3 8.'t201POO2 3.89'41"+0t2

720P1203 9.65716 0.2a79 3.3764"+04 1.1100"-03 3.9599 1.3370 1.1890"#03 I1.14941"403
*2.21UOP0'. 5.1411'.o0S 1.0344' 6.O140*,0'4 2.5900*-0dl 1.0231 1.7862 8.7960'401 7.3811"+O1

IN4FINITE 16.22119#02 0.0000 'l.68200-03 0.060004+00 1.0771 6.9945"-03 8.3b71"0+o 3.bs89Nto2

IUI001301 d6.A910 0.2365 3.603%1#04 9.9s00'-0'6 S.6b39 1.3a04 2.2210*#OS 2.2Pi0't0+3
1.90500+00 1.0336"t06 1.0000 4.7373'0+0 Z.2200"-0' 118145 1.0690 9.620"'401 .4064'*0l
INFINITE 4.28534*02 0.0000 2.assyl-os 0.0000'0O0 0.86sy 4.7?O?5-03 8,'6905'+Oe 3.9167P+02

7202130a 4.8578 0.?o69 3.3669*#Q9 1.0350"-03 6.4238 L.S377 2.20'40*+'3 1.2774*'o03
2.0%70*o00 1.0191*#06 0.9675 4.60714'0+0 a.111o0,N-o 1.8043 L.7758 1,0430"+02 7.432O'4'0I
I NFINZITE 1.2505"402 0.0000 ?.7077"-03 0,00D00*00 0.8.72 i4.80W0-03 8.3966"102 38860"+0~2

710a1303 4.6.903 0.2609 3.62761104 9.7000"-04 6.9718 1.3477 2.19104+03 2,JS561+03
*2.2100'00 1.04991*06 0.9713 '4.9617,0+0 a.1500.UM 1.0029 1,7791 9.974'0"M 7.2464"'.01

INFINITE 9.0906'so0? 0.0000 2.8497"-03 O.0O00,00 0.6437 0,9312"-03 8.h1664'.02 1.8302*402

720214101 '6.7916 0.2107 6.96310#0 1.72OD"-03 46.2333 1.3406 2.26200#02 a.4509*401
1.44'800+00 t.0139'.n5s 0.9229 7.497V+403 4.31000-C4 1.7899 1476'38 a.21104+01 7.02160401
INFINITE 4.8620'0+0 0.0000 4.36154-03 0.00OOO+0O 1.R229 b.2735"-U3 5.30720+02 S.b980'*0l

71 40210 9.8206 0,1208 7.76930+03 1.7000'-03 3.7397 1,3984 W.05104+02 2.376'6'.02
1.70200#00 1.01744+05 0.94671 5.816424e03 3.99000-046 107637 107S81 8.67800+01 7.b089'401
INFINITE 4.2973*+02 0.QO00 9.86070-03 0.o000'0"+0 1.RSS2 7.36861-03 8.4309"+U2 3.91951+02

71021501 46,4286 0.2242 2.12880+04 1.30001-03 6.k9a0 1.3368 9.61100+*021I.0967*+03
1.44180"+00 5.310"'t05 0.9001 2.S49410+0 2.630f'01-0 1.8106 1.1034 8.bO050401 7.1708'0+9
INFINITE 4.2005"#602 0,0000 2.9417"-03 oo0.ofl*00Q 100389 9.7990*-03 8.36791#02 3.4315"+92

720211142 4.9186 0..283 a.54761+046 1.21000-03 4.6625 1.3727 1.05500+03 l.07736+03
1.01040000 11.18060#05 0.9793 3.0948'0+0 2.54001-01 %.7961 1.7b66 8.9000'*0I 7.3008#01
INFINITE 6.2059'0M 0.0000 3.74631-03 0.00000*00 1.0912 507915"-0 6.42960#02 3.5402"+02



72012-11.5

EVALUATLO DAT4 - PRESSUJRE BASED REFERENCE 7L04

RUN D2Ph HIMIP M32PD H42PD RED2PDD RLD2P1~n D3TAI.
DIP4 HI3pN H32pvq H420M 4OI'. RE02PW E2ww

72020101 2.79O4-03 7.8417 1.8365 0.6101 6.413"+t03 1.6003"403 2.32.10"-Q?
2.9bu1l-03 7.8638 1,6313 0.6118 6.4?02"#03 I.S9S6"+3

72020201 1.9%45"-03 t.3911 1.8'490 0.5089 Z.151I'404 S.31a9"+03 1.741S"-02
2.0453".03 4.3766 1.84'V4 0.5104 2.1446"+40 5.3I7?."+03

?2420301 1.60o'3".ol 4,9464 1.05A35 0,4030 'i.0087",004 9.7934'P+U3 1.09300-02
1.8930".01 8.9655 l,0494 0.4039 3.9997'*QdI 9.77LQ40+3

YaO2oloa 4.1764"-03 8.3076 1.0013 0.5042 4.6768"+04 .14)30+9.4 1.6097.0-0
2.1784"-03 0.3076 1.0421 0.5042 4.6768'+04 h14q34"t04

72020303 1.00OW0"o3 a*095I 1.8307 0.4601 443401*+04 100636'*()4 1.7451".02
1.9597*-03 5:14101 S.0274 0.4609 4.3827"t04 1.06180'0'J

7JO01304 a.hs67'.o3 816413 108317 0.405, 4.6592"+04 1.1092"tV4 1.9453P-02
2.2470'-03 896'577 1.0202 0.40*2 4.849q'+04 1,1870"t40

7M0M30 2.3604*-03 8,5064 1.0196 0.4672 S,34601#04 1,32b67404 2,41060"-02
a.36060-03 0.5064 1,5196 0,4872 5.38000e04 1.3267'004

71020401 9.6497*-03 7.0726 1.0029 0.7,171 bl0oso'"03 1.7a&0+0'3 a.a120.-Ol
3.1209'.03 7:0476 1.9361 0.7297 6.62671+03 1.72280'C3

72020541 i.9to7"'03 a.345 1::0534 0.5071 a,90462+04 5.2464'+043 1.7416"-u2
2.01l36".03 6:.0551, 1.090 0.55003 .10140+,04 5.4339'+03

7U020601 100530".03 4..1602 4.6270 O.0537 6.S224"0+0 1,69S6"+03 2.3389"-oa
3079301-03 :1 7 IN 1.6241 0.45S2 6.51060+03 I.Sqa4"+o3

720a0701 b,09'Q 6777* 1.8496 0,7750 Z.I370*+94 6.o0010"+3 I.M700702
2.6363"-03 6.000* 198402 047773 2.12734+04 6.05330003

72020401 !:41123-0 7.23 0.04 0. 3 4.l731:+04 11 a83"04 .77ar'02
2,402503 ?115'91 110031 .0,451it 412716 404 1.2111S',o0

72010901 3.5383"-03 4.7a03 1,0306 t.0661 6o64701+03 a.0351*+03 1.96900.02
4.1956*-03 4.740* 1.0310 1.0707 bo.4160#'01 a.oaoo',us

710a1001 6.90~0 ,01%4 1.110 0 9024 al2101,oo 6:,1#%610'3 1.6!505-01
0793,781113 b.0299 1.0S4414 0.904b .210IOS0400 42805*#03

71011101 5.3311'-03 3,0303 147045 1,1440 8.14580+01 7.91411'.0) 2.0462"-Q2
5.3S110"-03 3.81361 1.7045 1.1440 8.90580+03 7.914l1'.03

lIoalaol 3.3063'-03 $9570210.0011 0.9163 160175"+04 a.3401'.o4 1.64J01-02
1.30651-01 5.5703 1.0011 0.9002a a.81750+04 2.36062004

71016a301 l.sis".03 586434 1.014b 0.6056 4.74334+04 ).40811+00 1.67450-02
a.05590-01 5.564 1.014* 006450 4.74330+04 3.#061*.04

720214010 4 .44*::603 3,4414 107941 1,1976 7 6776'+01 7.0130o+03 1.61170-0l
4.7010'43. 3.45I19 1.7697 1.2506 7,0459*403 7.l1139"+03

7101150 1.30144-03 $050047 118610 1.0094 214321'"04 8,92804~04 1.6265".02
3.aA430-01 5.0199 1.010S 1.0114 2.*t10l*Q4 l.1662N,04



72(12.C-1

72020201 VOISINEI PROFILE TARULATION 55 POINTS, DFLTA AT PUINT '42

1 y PT?/P PIPn) TO/TOO 14/i'D u/un T/1D RH0/RI10URU/UD

I Oo.o000*.0 I.%onof"+00o 0.90555 0.83686 0.U0000 0.00000 4.66170 0.00000
2 6.30O0*-D0% t.a0I6+0O 0.90555 0.b3889 0.03307 0.07110 L4.bL4975 Vj.01369
3 1.4su0"-00l l.0917"400 0.90i55 0.8443%0 0.07451 0.15940i (4.58uljo 0.03152
.4 t.69-00-0 l.?7%ll'+00 0.9015S5 0.155179 0.12558 0.26420 4.142581 O.(Q5006
5 3.94000"-o'4 i.5578"+00 0.90555 0.861411 0.171817 0.53s30 4.22780 0.07569
6 s.1800'-04 l,q422-1140 0.90f5ris 0187L60 U0137b v.42640 4.016400 0.09659
7 7:14000'.00 2:bsgl~too 0.90555 0.0a554 0.9!6810 U.51600 3.71170 0.21

9 .i200-05 .1.5703"+00 0.90%55 0.594A7 0.3223,34 0.59261 3.37480 0.15878
10 1.b310"-03 3.9217"#00 0.90555 0.89392 0.340167 0.61454) 3.25S570 0.17102
11 1.940I0-03 Q4.l93s5.qou1 0.90sis o.64317 0.35415 Q.629A0 3.16050 0.18030
12 e.5980"-03 4.6115*+00 0.90555 0.89254 0.37416 U.tslso1 3.03190 U.19459
13 3.13400-Ol 4.9600"4'00 0.9%IS55 0.84403 0,38974 0.661120 2.93950 0.2058S
10 1.7310"-03 15.32s1"fo0 0.90555 0.8.9627 0.a0528 0.084o0 2.b5160 v.22732
15 4.S540"~-03 5.72nl"+00 0.905ss 0.699i9 0.42162 v.70ooo 2.763h0 o.22966
lb 0.BC30"-03 6.0171"+00 0.9o555 0.90125 0.43349 U.71220 2.700810 0.23b86
17 5.3o10"-os 6.13343* + 00 0.9056Z2 o 40.9(151 0.144%81 0.?W 7200 2.63,'I0 0.211866
115 6.6220-03l 7.sio.+Q40 0.9069l 0.9097? 0.47606 0.75110) 2.48910 u.27367
19 7.72400"-0 7.A978".tOO 0.90791 0.914F11 0.502208 U.77260 2.36790 0.296a3
20 8.9150'-03 4.7610"+00 0.9048q9 0.92047 u.53n56 0.79450 2.?2020 u.32206
21 9.9110"-03 9.l;02q**00 0.90990 0.9247q 0.59,38S 0.81111) 2.10070 0.34411
22 1 . I3-? I.12006"+0l 0.91098 0.9299% 0.58?13 U.W199o 2 .0si!9o u.37199
,?S 1.31144-02 1.?29040+0 0.91229 0.916442 0.b3%278 Q.8b0l)Il I.150710 0.425n8
20 I.4816*-02 t.3390"t01 0.9to?4 01.94290 0.662i% 0.07570 1.70800o U.45800
25 1.4790"-0? i.13ps"01 0.91424 0.94261 0.b6093 0.874091 1.75d323 0.45607
26 1.632s'-O2 I.q573"+01 0.9i610 0.94765 0.09231 U.690514 1.h94s0 u.49315
2? 1.6049*-02 l.b60112+0I 0.91877 0.95219 0.726S7 0.905h0 1.55020 0.53S41
25 2.015?*-02 1.7b9S".01 0.92190 0.9565A 0.7b294 0.92050O 1.45570 0.58298
29 1.5033"-02 1.96?2.+11 0.9262U 0.46206 U.80aS'4 0.936A0 1.3(1620 0.643112
30 1.5817*-02 2.137n"111 0.93027 0.96650 0.8&0211 U.94900 I.2b17 0.69640
31 2.5141"-0? 2.2919.01 0.911,M) 0.97070 0.871si 0.95890 1.205610 0.74309
3a .1.10511-02 0.4168.+nt 0.9,3360 0.97463 0.897aq 0.96660 1.15890 0,78280
13 3.3.?28-02 2.512b,01l 0.94167 0.9779% 0.91508b v.97200 1.1213U 0.8t367
34 3.5990*-02 2.60Pl5"*nl 0.90992 0.99118 0,93312 0.977h0 1.09160 0.80607
35 3.9754"-42 2.7232"M11 0.9%86b? 0.98491 0.95379 v.983%0 1.046330 0.80667
3b '2.3574'-02 2.R1'4s"+01 0.96740 U.Y8818 0,96991 U.90850 1.03i0C Q.92065
37 4.br)33"-02 P.8531"01I 0.97428 0.90081 0.9)665 0.99210 1.QPV80 U.93767
38 41.9301"-u2 P.41122"tOl 0.980b2 0.993w58 9. 9 6860 0.99400 1.6"J30 0.96000
39 5.2s08"-02 Z.qbna2,l02 0.98810 0.99637 0.o99%1 U.94730) 1.00440 0.9811to
'10 S.5126"-0?2,k9743-4OI 0.99011 0.99806b o.99760 0.99860 1.00200 0.99070
"41 5.76000-02 2.9843.+'i1 1.0fl027 1.00004 0.99990 1.00000 1.00020 1.900017

0 02 5.7706'-02 2.9849' +0 1 1.00000 1 .01000 1.00000 1.000(40 1 .00000 1.00000
03 6.0952"-02 3.02899+01 1.011752 1.40238 1.00)679 1.0024U) 0.49130 1.01840
00 6.3034"02 1.02?3*+01 1.01365 l.0043p% 1.005V7 1.00270 0.99410 1.02263
45 b.6Z43'-02 3.0220".01 1.01385 1.00056 1.00572 1.00330) U.q9%2u 1.02211

* 11 6.B816-02 3.0110"t01 1.0234S 1.005511 1.00011 1.003so1 O.09080 1.021127
4 7 7.050'J'02 3.nl033+401 1.01305 1.00633 1.00205 1.00360 1.00230 1.03439
(4( 7.2716"-02 1.0000"+01 1.03622 1.00613 1.001944 1.0034v 1.00.110 1.03660
09 7.51451*-07 1.0033"A0I 1.0329h 1.04513 1.002u5 1.00300 1.00110 1.03M9
50 8,014s'-02 2. 0 870*+i0 1.104890 1.00630 6.99976 1.00311) 1.00070 1.04324
51 6.3487*.02 2.98l0l+OI 1105502 1.00609q 0.998b7 1.00300 1.0(0670 1.00946
52 6.6733*-0? P.9646*+l1 1.07172 L.00600 0.99605 1.002504 1.(1130U 1.06061
S3 b.8834"-02 2.06pe",01 1.0)7449 1.006412 0.945155 1.00A.00 1.01380 1.062M9
S45 8.9886l-02 2.9596b*01 1.U7820 1.00602 0.99501 1.00230 1.111071, 1.06506
S5 9.07444-02 2.9538"+01 1.080176 l.00638 0.9940(3 1.00210 1.011630 1.069',0

INPUT VARIABLES Y#U/UO),T/OIJ,P/P%'i
AT 132 WAYA NER)E AVLRAGEnl



7202-r-2

72020202 VOISIOiET FlRnF1LE TABULATION 40 POINTS# DELTA AT PUINO 4)

I Y Pl?/P P/Po 10/TOD Pl/MD U/UO T/ID RHOiMHOL*U/UD

I u.OOo"OO I.oooo*+Oo 0.99711 0.84172 0.00000 o.000, o 4.73930 Q.00000
2 6.3000"-05 1.0112"100 o0.97l1 0.84366 0.02,o q 0.05710 4.73510 0.01202
3 1.0400"-04 1.43?6"÷00 0.99711 0.84586 0.04456 0.09680 4.71920 0.0104s
4 2.6200"-04 1.1508",00 0.99711 0.65325 0.09403 0.20200 4.61S30 OO.364
5 3.58001-04 .3101"÷00 O.qq9t7 0.86019 0.13162 0.27970 ,.46360 0.06198
6 5•,6001-04 1,836"÷00 0.99,,1 0.87606 0.20200 0.41151 4.14970 0.09866
7 0.3100*-04 2.470,14#O 0.99711 0.88906 0.25382 0.49840 3.85C60 0.12889
a I.1480*-03 2.q52"÷00 0.99711. 0.60347 0.28513 0.54510 3.65040 0.1467t
9 1077401-03 3.4536"+00 0.99711 0.89228 0.31395 0.56310 3,44960 0.06655
1O 2.3320*-03 3.76471+00 0.99711 0.69130 0.33045 0.60330 3.33310 0.10s08
I1 3.3830*-03 4.??f)l'÷00 0.Qq701 0.5928$ 0.33s52 0,63310 3.1TI1O 0.19907
12 4.QSO-03 4.79,4q'00 0.9o711 0.8%669 0.37972 0.66070 3.070so u.21760
Is 5.6390-03 5.33700+00 0.99711 0.90076 0.40314 0.6ASO0 2.69390 0.23630
14 6.49600-01 6.1090+00 0.99711 0.90666 0.43Mo 0.71690 2.72110 0.6231
IS &.0060'-03 6.7085"+00 0.99701 0.91143 0.4%692 0.73610 2.60940 0.6204
16 9.2050*01 7.1526"+00 0.99711 0.91625 0.48005 0.7840 2.49560 0.30302
17 1.0312"'-02 7.9936'400 0.99711 O.420S0 0.50203 0.77640 2.39170 0.31368
16 1.1460-02 a.7335'0oo 0.997i1 0.92536 0.S2623 0.79510 2.26290 0.34728
19 1.2426-02 q.472S'400 0.99711 9.92938 0.34433 0.08160 2.16260 0.37074
20 1.51106-02 ,l13A2*01 O..9471 0.9M908 0.60492 0.84740 1.6240 0,430S7
21 1.7SO6-Ol 1.36190*01 0.99711 0.94719 0.66012 0.57930 1.7S300 0.5001S
2H 1.901-02 I.S3712'*Q 0.99711 0.95265 0.70704 0.89950 1.61650 0.53415
23 2.0?991-02 1.7256"+01 0.97101 0.95600 0.75042 O.9760 1*.49520 0611902
24 1.4407-02 10.0701+01 0.99711 0.96M19 0.78994 0.9320 1.39260 0.66746
2i 1.66171-02 P.00201+01 b.99721 0.96570 0.62629 0.90S40 t.30660 0.72065
26 2.90222-02 2.2503"+01 0.99741 0.96958 0.61977 0.9S520 0.23430 0.77167
27 3.1427"-02 2.3731*+01 0.99761 0.7210 0.88342 0.96240 1.18680 0.06096

0 3•,•35 -02 2.4832*+0! 0.99771 0.97s41 0."04.o 0.96600 1.14780 0.04194
19 3.5756"-Ol 2.S731"401 0.99791 0.97016 0.91062 0.97360 1.11040 0.86871
30 3.7681'-02 2.6445?001 0.69601 0.98053 0,933S4 0.97750 1.09640 0.68978
31 3.99591-02 2.721,7N*O 0.99621 0.98611 0.94730 0.96150 1.07390 0.91266
32 4.24264-02 *,.76620*01 O.99q4 0.96S60 0.9567 0.90510 1.05590 0493146
33 *.410'-Di i.8369'*Ol 0.991160 0.96?59 0,46750 0.96750 1.04a4U 0.04630
34 4.7353*-01 0.9016tOl 0.99880 0.9907 O.q?9766 0.99120 1.02580 0.96501
35 4.9342*-02 2.9334.400 0.99690 0.94176 0.98409 0,99309 1.01510 0.97410
36 5#1351'-02 2#9514*+01 o0.9910 0.993t? 0.96731 0.99430 1.01420 0,97950
37 S.4057"-Ol 2.9779,4O1 0.99930 0.99500 o.qql1s 0.99600 1.00680 0.9O6bb
36 5.652,5"-O 20902'0+61 0.999o 0 0.99644 0.90373 0.99710 1.00680 0.96967
39 S.9949"-02 3.01104401 0.9990o 0.99655 0.99790 0.96qqO 1.00200 0.09671

0 40 6.i166"-i0 3.0175÷01 l,100000 1.0000 1,00000 1.00000 1.00000 L.00000
41 6.5165,• 2- 3.033190+1 1.00010 1.00065 1000100 1.00060 0.99920 1.00160
42 6.91911-0 3.05611 01 1.00050 1.000199 1.00512 1.00190 0.99360 0.00466
43 7.2060-02 3.07690901 1.00070 1.00269 1.00826 1.00290 0.96940 0.01435
44 7A•4001-01 3.0635" 001 6 loOI36 1.00267 1.00603 %.0ORSO 0.99300 0,02316

45 7.9411"-01 3.0635120l 1.013S6 ,00036O 1.00602 1.0020q 0.99,60 1001M64
46 6.1659"-01 340501w*0+ 1.0C262 1.00345 1.00361 t.00240 0.9970 1.03176
47 . 40016102 3.037O6901 1.03910 1400340 1.00170 1.00200 1,00060 1.040 4
48 &.4032"-0l 3.03610+01 1604028 1.00369 ,.00145 1.00110 1.00130 1.04011

INPUT VARIASLEI YUUOJTITITOPIP



7202-C'.3

72O20e03 VOISTNET P140FILE TABULATION 11 f PU1IM7# DE.LTA AT POINT 41

I 1 y PT?/P P/PO Tu/fTrD .1/11D U/UD T/T23 RHfl/RHrjU*U/UO

*I 0.OOOCP400 I .a 0 oo +0 o .unaI7 0.630(11 0 . u 0 1)0 0 .uuo v 00 ~. 7 . ? 0 .uilu 0n A
2 6.3000"-01 hfl172"+oo 1.0(1817 0.83170 O.U3224i U.v7oiu 4.72670 U.U1495
3 1.4Z00*-Ou 1.065J4i(J0 1.00817 0.81607 lJ.ub2?4 0.134'~u '4.091Ž0 U.028q7
'4 2.b?n0"-0'i 1.2048*+O0 1.0081? 0.814316 0.1(1771 0.20P0 '4.56770 0.L)5uljI
5 1.56OV04"O I.39;bb*+O 1.00817 0.647Q47 0.L'45l9 0.30460 q.41107% 0.0J69h7
6 b.3500"-04 a.ol~f4*l00 2.01482 0.8607? U.21966 U.1440904 4.0)I900 U.I10%5

7 a 10l0 2.74flI*400 1.0na17 0.876714 0.ab452 0.5212U 3.74o00 U.14050

11 .040no-03 m.n3n'3*+ou 1.0081? 0.88132 0.3'4uA3 U.621001 3.25340 Q.lq049
12 44.11?fl.03 U.4922",P0 2,00827 0.484498 U.36274 0.64090 3.12080 0.20701
15 S.2170'01 4.SQ54Ž00 1.0017 CD.188141 (1.M334 0.bh4dlI 3.00130 0.22308
1'4 6.28'40-01 S.41I4I9-00 1.00617 0.89102 Q.4n280 0.6bLIqo 2.89270 0.23883

*Is ?.4090"-03 5.4213"+Qo 1.00817 0.89719 V.49i13 0.70550 2.780010 U.25585
lb 8.7410"-03 6m.553l0"400 1.00817 0.90276 0.144709 0.72860 2.65570 0.27659

*17 q.8120*-03 7.0819"+00 1.U0817 0.9066's 0.4bb420 0.74590 2.%1?70 0.29401
Is2 1.04586.02 7.7027"0n0 1.00W2 0.91049 0.487M4 0.76420 2.445390 0.31391
1 9 1.2167".02 b.3778"#Oo 1.008127 0.'91591 0.5I112 0.78210 2.3'4990 &1.33554
20 1.35U61-02 9.q888"*IOu 1.001117 0.92266 0.54497 (,.40770 2.296bu 0.37071
21 l.b64i"-02 1.13354"+42 1.00817 0.93267 0.%9827 0.842250 1148310 0.0P631
22 1.9713"-0? t.lsl9,.fll 1.00817 U.944216 U.M5744 0.674%0 1.77850 0.4957.3
as 2.2 925*-02 I.57eA1'+Q0l1.u0067 0.94962 0.71035 0.90010 1.60630 D.S6506
244 2.S4W3-02 1.5012"0f1 1.004817 095668 0.76297 U.92190 I.146bofl 0.b3bS9
2% i.8158-02 P.n3?'"+nl1 1.O0766 U.96200 O.80894 U.1031140 1.3'4170 (1.76268
26 1.33-? 2.24,560t1 1.0071b 0.96698 0.85127 0.95220 1.2%220 0.7bbUS
2? A.3429"-02 2,.3980',f 1 .00675 0.97007 0.8909a 0.9h608 I.1913Q U.81146

28 3.7104"-0R M.393*t0 1,014625 0.9743% U.90617 4.96880 1.141300 0.65269
a9 3.9977"-Oa 2.6590"tol 1.00$75 0.97770 0.9?787 0.97511) 2.104140 0.88800
10 4.R914'-02 2.7662't01 1.005242 0.9810b 0.9'400 0.94460 1.07290 0.91676
11 4.5800.0? ?.84?5"*fn2 1.001174 IG.96M5 0.96076 0.98510 1.0%130 0.942'47
32 '4.S666*-02 2.90PQ"sfnl 1.0fl434 0.98739 0.970?3 0.9R630 1.01760 Q.95662
33 5.1?34"-02 2.9sms"M0 2.1)0363 0.98Y25 0.9762% u.99o01 2090 4).96606
144 5.Q2920-14? 2.9736"#Ol *1.00333 0.44234 0.98216 0.99300 2.02220 0.97467

15PU 5.6952'-02 Y.999/ nj 1.0q2 0.954 .466 .9)3 P07m QPf

36IO3'O .28tl 1022 09ql .9p ~qo .17 .68
17 6as"0 ,0*I .022 0952 034 U980 1(om .q2



7202-C-4

7202gioo V010I18t PRflFXLE TABULATION 49 POINTS, L)ELTA AT POINT 411

I V P11/p p/Pfl To/TOD I I MO U/UD I/ It RhfO/RNQD*L/UU

I U0.0O0~*00 l.0O'U,,I30 0.96956 0.83702 0.0000o 0.09000 o.7nd60 0.00000
2 6.5000"-05 l.n131"foo 0.969sb 0.83177 0.028'd3 U.06160 4.h4540 0.01272
3 1.2200--04 1.n39'0"sll 0.969S6 (1.83827 u.o11623 u.09990 Q.h6970 0.02074I
4 2.0IU0*-04 1.0700"+00 O.969lib 0.6399$ 0.06522 U.kQ040 '4.63030 0.02937
5 ).2000"-oQ I.1935.00o 0.96958 0.0(4541 0.10566 u.22510 4.5216U u.04627
8 .i.3900".04 1.38111+60 0.96956 0.85113 0.144054 U4.0220 4.3715oI 0.067.1
? 7.9200".04 2.2211"+00 0.96956 0.672155 U.23544 U.46600 3.9WO2 0.11572
a S*t?0o*-04 I.7115"Oul 0*98956 0.56170 0.18963 0.388bb 4.45630 0.09016
9 1.Iae0"-03 2.78flo40+0 9.969568 0.66140 0.274E.0 0.32650 3.67620 4.13a68
10 1.7600"-ol 3.?445*+00 0.96958 0.69090 0.30276 U.56480 3.46010 u.1573%
it 2.24q0*-os l.l5195q4l+ 0.90946 0.660SO 0.11823 0.S6040 3.373bo u.10796
12 31910'-o% 1.8702"+00 0.9695fi 0.68155 O.A3382 0.60b%0 3.2S780 v.18050o
Is 4.00600-03 4.24911'fl0 0,969S6 0.564S4 0.35070 0.62910 3,14570 0.)93qu
14o 5.1050".03 0.8915'i(I0 ,69S 0.985 ~ 6885 0.37537 0.65300 3.42630 U.20921

*15 6.28W0-03 S.100+00o 0096918 0.69281l 0.39535 0.67500 2.915to o.220os
16 1.4370'-03 1.6264"*00 0.96956 0.89653 0.41130 0.69580 2.60540 0.14040

*17 a.57801-03 6.12560+00 0.0958% 0.90057 0.43512 4.71510 2.70090 0.25671)
toI 9.77'd0"-03 6.60464#40 0.98958 0.90415 0.4S3335 0.73210 2.60780 0.27219
19 1.1041~-02 7.1727"*00 0.96985 0.90930 Q.07397 u.75070 2.%0880 u.49023
20 1.2%W5-02 7.9113"0f0 0.97043 0.91S32 0.0499s3 U.17730 2.39010 U.311114
al1 .40400102 6.7750'o00 0.97101 0.92383 0.527A4 9.7954n 2.27070 0.34013
22 1.57bI*-02 9.6)991+00 0.97189 0.92971 0.56015 0.81620 2.13360 0.M378
23 1.8626.02O 1.1a440'01 0.97278 0.93931 0.81246 40.6130 1.93200 9.42883

a4 .10II:01g 1.3252"Mi 0:97392 0.94620 0.615512 0.87080 1.76310 0.47781
2% .306-02 1.1090+1 .Q537 0.522 00920 0.89610 1.64210 0.5314

28 4?..1900'02 1.6746~0+0 0.97702 0.95726 0,74023 0.91llo 1.52360 0.55S92
27 2.7600"-02 1.8033'*+0 O.q?826 0.96144 0.77871 0.927010 1.4?bq0 0.81610
2S 2.9967".02 l.4131"+01 0.97993 0.98512 0.812S9 U.941140 1.33430 0.8807
29 3.a585o-02 1.16660#01 0.90158 0.9bb23 0,4d4)3 0.95050 1.26790 u.73585

30 34880 2283*1 0.963(13 0.97114 0.60722 0.95780 1.21960 o.77169
31 3?J02 .4360+*01 0.96507 0.97562 0,89576 0.98890 1016510 0.6174q

*32 4.Q109'-02 2.534S6401 0.9586? 0.97628 0.9144o 0.97230 1.13030 0.60655
33 4.20140-02 2.6013"401 0.98796 0.96047 0.926%9 0.97DO0 1.10950 0.Gb9l0
so 4.4310*.0? 2.860,01~ 0.95943 0.96355 0.90161 0.98070 1.UA430 0.6940U
35 4.6696.-Ol 2.7736'O+lI 0.99106 0.96817 0.95699 0.98510 1.05980 0.92140
38 4.9182"-0? 1.65324+01 0.99273 0.96673 0.97W6 v.96900 1.03180 0.94805
37 5.2426'-02 2.991"r01 0.94076 0.99183 0.96316 0.992p0 1.01930 0.90690
36 5.%293*-0l2 .46?3"t01 0046881 0.99337 0.98952 0.99460 1.01010 0.96093
39 5,878100t0 3.00511+01 0.199160 0,99131, 004675 0.99101 1.10070 0.94q47
00 b.0830*.02 3.0140#01 1.00060 0.99810 1.00000 0.99910 0.99620 1.00090

0 41 6.36430-01 3.02440#01 1.00000 1.00000 1.00000 1.00000 1.400009 1.00000
42 *.89)8'.0l 3.0a74"0f1 0.99890 1.00162 1.00050 1600090 1.00080 0.99700

44 7.21976.02 3.03390+01 0.94080 L.00303 1,00180 1.00180 1.900M0 0.99196
45 7.352-01 3.0367%+01 0.98804 1.00349 1.00240 1.00a00 1.000n0 0.96840
08 7.7826*.02 3.9428,111 0.94269 1.08072 1.00305 1.00290 0.99970 0.98596IY 07 .126s"-Oz 3.04056+01 0.90429 1.00565 t.00270 1.00340 1.00140 0.9682.
08 5.4607*-02 3.0044'0+0 0.9P119 1.0032'4 1.0031.0 1.00320 0.99980 0.96053
49 6.9573'-02 3.0625'+Q1 0.96422 1.00535 1.00817 1.00aso 0,9490aq 0.97P.65

INPUT VARIABLES YoWUNOTTOPPIPW



7202-C-5

72020205 V0ISINEI PROFILE TABULATION 41 POINTS? OELTA AT PUINT 34

I v PT?/P PoPn TO/10n M/MD U/UD T/TO RHO/PMOU*U/UO

1 9.0000"000 1.000"+0O0 1.01317 0.800427 0.00000 0.00000 4.79500 0.00000
2 6.3000-05 1.02S1.+00 1.01317 0.84952 0.03911 0.08550 4.76810 0.01815
3 2.0100*-01 I.ISn3"+0O 1.01317 0.5S4s 0.09367 0.2010 4.6b120 0.04005
1 J.1000"-04 1.3506"oe0 1.01317 0.86165 0.13882 0.29350 ,.46980 0.06653
5 9.3900'-04 2.18T7"+flO 1.01317 0.86873 0.17433 0.3A260 4.30230 0.08516
b 6.9300*-04 2,1325"G00 1.01317 0.88068 0.22804 0.45b60 q.OO930 0.11539
7 1.02901-03 2.7063"*00 1.01317 0.86913 0.26906 0.52110 3.71960 0.14059
B 1.6030*-03 3.1430"+00 1.01317 0.6876q 0.29581 0.55860 3.S6600 0.15871
9 2.1560*-03 1.4132"+00 1.01317 0.88609 0.31099 0.57620 3.43670 0.16947
10 3.3550*-03 3.8914"+00 1,01317 0.88064 0.3361a 0.60990 3.292s0 0.18768
I1 4.me80o.03 0.3187"t00 1.01317 0.9165 0.35698 0.63500 3.16410 0.20333
12 S.5760"-03 0.7386*#00 1.01317 0.89509 0.37631 0.,$720 3,005010 0.21631
13 b.7970"-03 5o200O5flO 1.01317 0.84900 0.39643 0.67920 2.03S40 0.23443
24 7,66100-03 S.6510t#nO 1.01317 0.90279 0.14152 0.69090 2.30OSO 0.25017
15 9.0750"-03 6.07961+00 1.01317 0.90623 0.43208 0.71540 2.7410 0.26110
16 1.0252*-02 6.A918000 1.01317 0.91004 0.45260 0.73390 1.64100 0.20155
17 1.3377"-02 7.0568'n0O 1.01317 0.91374 0.46047 0.71890 2.55bO 0.2q690
1 1.361111-02 7.99hb6*00 1.01317 0.91003 0.50100 0.77620 2.40030 0.31764
19 1.6998"o02 9.7546b+00 1.01317 0.9394S 0.55%6S 0.81700 2.15300 0.38431
20 1.95761-02 1.12351#01 1.01317 0.93840 0.59940 0.81460 1.9gES0 0.43099
21 l124164-02 1.30211÷01 1.01317 0.94606 0.64728 0.7160 1.81320 0.48703
2 a.5$00410"O 1.536b*#01 1.01317 0.91378 0.70521 0,84950 i.b269Q OS6017

23 d.6S45-02 1.7069'+O1 1.01317 0.96065 0.76219 0.92300 1.46650 0.63760
24 3.1130"-02 l.492S"*O5 1.01317 0.96504 0.80597 0.93560 1.35600 0.70120
25 3.42•02-02 2.0127"+01 1.01317 0.970qq 0.85038 0.95360 1.25750 0.76632
J6 3,7416'-01 21.340"M0l 1.01236 0.97525 0.89352 0.96610 1.16930 0.83652
17 4.0965"-02 2.5870'+01 1.01125 0.97970 0.92102 0.974S0 1.11950 0.86027
18 4.049S1-02 2.72290+01 1.01003 0.99115 0.91027 0.91190 1.07900 0.91914
a9 4.68222'02 8.62300÷01 1.00871 0.96575 0.96278 0.98750 1.05200 0.9401 7
10 5.162-02 2.6017,*01 1.00710 0.99208 0.97668 0.99140 1.03•20 0.98691
31 5,3952"-o+ 2.914"2*01 1.00669 0.99342 0.96358 0.91400 1.02130 0.97978
le 5S.60590"0 2.99381a41 1.00517 0.997f7 0.99196 W."720 1.01040 0.99194
33 6.1677"-02 3.01`9"i01 1.00223 0.99874 0.99s67 0.90860 2.00squ 0.99196

0 34 64.41W6-02 1.0416*÷O 1.00000 1.00000 1.OOO 1.00000 .00000 1.00000
15 6.8049'-02 3.0574,01 0.99706 1.00180 1.00260 1.00140 0.99760 1.00086
36 7.1461*-02 .060660+01 0.q9433 1.00213 1,01446 1.00100 0.99010 1.00122
37 1,4i43*-02 3.07W+"401 0.9A784 1.00312 1,00562 12.0270 0.49420 0.99629
36 7.9065"-02 3.,8050+01 0.98328 1.00396 1.00638 1.00310 0.49A50 0.991a8
39 8.1363-02 3.0804*÷01 0.AU328 1.00434 1,00642 1.00330 0.493g0 0.44968
10 6.62286-02 5.0860+01 0.97781 1.00560 1.00743 1.00410 0.99340 Q.90831
at 9.04290-02 3.08400+01 0.98014 1.00Q94 1.00702 1.00420 0.9410 0.9098Y

INPUT VWARIASLB YfU/UDT/TDP/Pw



7202-C-6

72021241 V0ISINET PROFILE IAGULAT:O'I 35 POINTS# DELTA AT PUINT 30

1 o.00oo*0 1000"0 1.00000 0.204415 0.00000 U.00000 1.19d30 0.00000
2 6.3000"-05 1.2759*+0o 1.00000 0.31703 0.1221'4 0.160)40 1.72'450 0.09301
3 1.14000"-014 I.b579-4fl0 1.00000 0.38161 0.07934 0.214890 1.9261%) 0.12922
I) S.91404"-014 3.6232'+00 1.00000 0.5'4512 0.31626 0.'4boo0 2.143?.0 0.21603
5 6.4800'-04 4.43430*+0O 1.00000 0.S49044 0.35565 0.52010 2.11020 0.2143)47

7 1.1304"0-03 4.893?1,00 1.00000 0.67102 0.37360 0.55290 ).12b2o 0.264471
10 I.I910-03 4.963k"+00 1.100000 0.631701 0.37901 0.57200 1.12300 0.268O44

It 2.L44014-03 S.441s0*+00 1.1)0000 0.644294 0.397AS 0.57990 2.12'410 0.2729S
12 4.9120'-03 6.6M08~00 1.00000 0.69862 0.149199 0.644720 2,05030 0.31566
1) 1.14240*.03 6.13SS",00 1.00000 0.744013 0.149bi1 0.69660 1.q71bv 0.S5332
114 9.03boo-03 40'49P#0s00 1.00000 0.77578 u.53537 0.73910 1.6@)470 0.39216
IS 1.2116*-02 1.0711"001 1.00000 0.60S38 0.57366 0.77250 1.01344u 0.142600)
16 1.4959"-02 1.?3b0"+01 1.00000 0.63897 0.6182S 0.8l0so 1.71h60 U.14710
I? 1.7%o01-02 I.W97.Wfi 1.00000 0.8b533 0.65796 U.814060 1.63M7 0.51501
18 1.966b"-02 1.S4490vt01 1.00000 0.8$7447 0.694490 0.0bi90 I.'i507) U.55161
19 41.26524-02 1.71426"M0 1.00000 0.90930 0.73&34 0.8qkqo 1.45920 0.61123
20 2.443V~-02 1.90151+01 1.1)0000 0.92303 o.77216 0.914914(4 1.38700 0.bs5btb
21 1.0190".02 2.2416"+OI 1.00000 0.944139 0.8440441 0.938440 1.244660 0.75265
22 3.S065-Ol 2.4668601 1.00000 0.951434 0.80573 u.95)470 1.161f50 0.82174
21 44.04167'.02 a.73133+01 1.1)0000 0.96)76 0.92936 0.9bilo 1.086440 0.89166
144 44.53440-02 l.9278101 1.0n000 0.97350 0.962445 0.95000o .11u3680 0.914S22
as 5.0069'-02 l~qG41I,01 1.060000 0.944121 0.97180 0.944560 1.02860 0.95820
26 S.S4416"-02 3.05i141"I 1.Ongoo 0.966%7 o..4M3514 0.911440 1.011400 0.97673
V7 6.DS46*.02 3,084470.O 1.000110 0.99425 0,91f96 0.9q320 1.10od60 v.984473
i8 6.567440-0 3.11?77401 1.00000 0.99147q 0.99367 0.99630 1.00530 0.94105
29 7.06000-02 3.13"1*601 I1.'00000 0.998449 0.949567 0.4?9810 1.00570 o.9928'4

0 30 7.550I-02 3.15701t0l 1.00000 1.00000 1.00000 1.010400 1.00000 1.00000
It 6.0976'.0a 3.1514"~01 1.00000 1.00111 0.99910 1.014060 1.00300 0.99761
32 8.5954"-92 3.1I78"0*I 1.00100o 1.00207 0.992A7 0.999440 1.014400 0.94600
31 9.1029.02o 3.13471*4I 1.00000 1.90276 0.910972 1.011000 1.)00140 0.99355
314 9.51496*-02 3.17044*01 1.06000 1.oft364 1,00290 1.01230 0.1g49'4 1.00330
35 1.01W01"0 3.1632"+01 1.00000 1.40052 1.00100 1.0Qb20 1.410111 0.99920

INPUT VARIAOLES yfij/IJty/TnOP511

7202120 60181:5. PRnFILE TASIJLATInij 3#b POINTS# ULJEIA A? PUIrT 32

y uy51/P PMP 70TOIOD tw/inl udul T/Ir? RHO/
9
NOL)*UtUD

1 0.00100..00 t.0nonuoto 0.94589 0.22063 14.u0000 U.000040 1.281140 0.00000
a 6.300fl"-05 1.27194'00 0.950q6 0.322ti 0.1216)4 0.I64115 1.7140b 0.0062b
s 1.I1400"-014 t.44317".140 0.q5S696 0.3507S 0.114986 0.20520 1.M1660 0.10598
14 I.6500O.014 l.4lib6"410 0.95814h 0.140099 0.19U67 0..27560 1.96370 0.13)454
S 2.'4100*-014 2.34446'1400 0.q95896 0.144910 0.204028 0,1143440 2.0'49SV 0.161M
6 14.19001-044 3A44447#,14 0.9%896 0.514886 0.32850 0.47S90 2.09680 0.21744)
7 ?.2)400"-014 14.%4497"*A 0.95896 0.551141 0.36176 U."7260 2.064860 0.2440114
S 1.1300"-93 14.92033s00 0.941696 0.603135 0.S7823 M.54504 2.07630 0.2s171

9 .537n"-03 1.11432"+00 0.906896 0.61132 0.184750 0.571MI0 2.06030 0.25844)
10 l.7650.05O li.29?7,00 0.94896 0.620144 U.19160 0.56580 4.446I130 U4.2628)4
1! 4!.019040-03 S.4)412"00 0.94846 0.627?7 u.19969 0,$7390 i!.o41960 V.26721
12 9.140900-03 1.702n*+00 o.95896 0.6373r4 0.11I0so U.SW60 2.1)4550o 0.27515
13 44.6nin'.03 609q11440u 0.94896 0.67723 0.q5512 o.63snnf 1.97u70 U).110544
144 1.471fl'-3 41317"+400 0.91806 0.7147t 0.511368 u.6907') I.tiAoisy U.35229
15 9.abl0"-03 9.6147b6110 0.95596 0.75078 U.514449 0.72990 1.79900 0.35907
16 1.2022*-02 1.148251401 0.94096 0.777S9 0.57828 0.76100 l.?3lI 0)4lU
17 1.5067"-02 1.25?1"foi 0.9504b 0.8t143 o.t)?396 0.79*03 1.6.4100 4.40709
Is l.7658'.02 1.41438,001 0.951196 0.83830 Qo..0.145 0.82970 4.55900 U.51036
19 it.0lI9*-02 1.577?'"01'1 0.95896 0.061%3 v.70317 0.I5s,99 I.oSlbO 0.55.196
90 2.2b090*I0 1.71416"0f1 0,9%896 0.86237 0.73996t 0.878qq1 1.410440 0.S97414
21 2.5I97"-03 l.441W701 0.941696 0.90200o 0.77725 U.90030 1.34170 0.6143447
12 J.02149"-02 a.2soo"f01 0.96250 0.92871 0.614S43 0.93220 1.A!Iso0 0.37q99
23 1.5377"-02 1.5319"m0 0.966314 0.961400 0.89608 U.95170 1.1a600 0.81531
244 4.01455"-01 2.71'18.0tl 0.97006 0.95661 44.92865 0.96)490 1.0796U 0.80090
25 14.SS63".01 4.4%7)4*40 0.97392 0.96)461 0.95.296 o.91370 1.4444400 0.900314
46 S.0609*-02 2.0695"tol 0.97766 0.97292 9.97176 0.9441440 1.01900 0.9)4075
37 S.S6870-02 3.0%#01,01 0.981140 0,9B014i 0.944509 U.98760 1.00510 o4.96)431
26 6.0510~"02 IM.091+4*1 0.98)491 0.96639 0.99235 0.99160 0.49640 0.977914
?9 S.SGIV"'02 3.0413*01 0.99868 0.991148 0.993446 0.9914*0 1.00230 0.9812b
s0 7.09906*-02 3.10n?"+Q1 0.99271 0.96146S 0.111466 0.996)40 1.040350 0.90S10
31 1.612%*-0? 3141*1 0.996614 a.99071 1.00201 0.94910 0.995140 1.00095

D 32 *.0764*-02 1.11417*0I 1.00000 1.00000 1.00000 1.00000 1.014000 1,090004
S3 0.57961-02 S~3.17u1*0 1.004151 1.00026 0.9q992 1.00000 L.0)0150 1.014300
314 9.1l38V-02 3.t309"01 1.01016 1.00120 0.99836 1.00031) 1.00*10 1.00034
31 9.S4$I"-Q1 3013121+01 1.009149 1.00239 049"831 1.000440 1.00520 1.0051b
36 1.0I.60-01 1.1115,*431 1.00969 1.00,197 0.99636 1.00120 1.00570 1.00517

INdPUT VARIAOLES V,4J/UO.1/DP/PW
AT lei DATA NEME AWLAGED



7202-C-7

720a2i.us VOISVITi ~ PHOFIILF TARULATlON 34 I301NTSo UEL.TA AT PuINT ?9

*I Y M7201 I'/pI TO/10D H/'10) u/or) I/0 RI10/ptiu.uU/UD

I ,.OC40("too 1.004(U"tno 1.034445 o.20836 O.Oonoo 0.00000 1.iqllU 0.000oo
2 b.30oo"-OS 1.23?21+0O 1.014405 0.315414 9.12'414 0.14M404 2.4.qqu 0.09051
1 1.9100"-044 2.02nql,0o 1.03445 0.43535 o.217?5 9.31000 2.03C)20 0.1574q
4 5).7200"-O'4 3.9l7s",00 1.030445 0.57604 0.33507 0.04170 2.153440 o.2.1620
5 7.75100"-04 0.223b"q-00 1.03445S 0.54310 0.34997 0.51310 2.14950 0.214493
6 1.0540"-03 0.44072-+Do 1.034415 0.60268 0.3%Wb 0.Sas20 2.141560 0.25128
7 1.33'01-03 4.53360+00 1.03445 0.606q2 0.364403 0.533zo Z.14070 0.25766

10 2.1I(4o,-o3 44.9615"l'O 1.034408 0.63310 0.30343 0.!i6060 2.1376v o.27129
It 0.5570*.03 6.0784-+O0 1.03445 0.04784 V.02899 0.204 .066110 0.30655
12 7.?n T0 .?100"+00 1.03445 0.71493 0.07059 0.46540 1.49430 (1.34428
13 9.7010)"-Qs 8.6.276.40 1.ul1445 0.lo4o'1 0.'40632 U.7WO7 1.93710 0.17632

*14 1.2301"-02 q.3822"*440 1.03445 0.77934 0.541'2 0.74040 I.447010 U.409%S'
25 1.4991"-02 I.0650"402 1.04)3S0 0.80053 0.5767S u.77'470 1.7901#0 0.0072t5
16 1.7429"-0? 1.1903.i+01 1.0314S0 0.63442 u.62300 U.80o30 1.71930 0.48.19d
17 1.99 o7"-o2 1.13P3402l 1.0344S 0.55917 9.60041 0.83J90 1.h3'J90 0.52539
15 2.2431-02 1.4746"(11 1.O01445 0.87960 U.60672 V.85710 1.S6000 o.b687s
19 2.51222-02 t.b023",fl2 1.031105 0.6990M 0.714468 0.0mi10 2.447630 0.626fis

*20 S.0223p-O2 i.qq?2"+o1 1.031344 0.92812 u.600?0 0.t9293 1.3197Y U.71516I
it 3.Sj213".02 2.11147"01 2.026214 0.94611 0.6h3li7 0.949411q 1.19750 0.81kab
ag 41.0251"-02 2.S212.+01 1.0?lI83 0.95772 0.911290) 0.9%5980 1.23u0o0 .8704?
23 o.338o*-02 2.7ins"+A1 1.42101 0.96b28 0.936444 V.97110 2.474780 U.9223S
24 5.5'456"-02 2.9085"+01 2.01190 0.94333 U.976p6 0.947s0 1.02140 0.98071
15 5.0219*-02 2.q390"+Q2 1.02831 0.17471 0.95808 u.979)50 1.0'44t0 0.95569
26 b.o0663"-02 3.00QS*+Q1 1.01148 0.98743 0.98756b 0.99170 L.001340 U.99471

21 .57of"-42 3.0574"*02 1.00817 0.99347 ui*09555 0.q9920 1.040130 1.00300
2d 7.QAh9"-Q2 3.fl8610114 2.004(06 0.99745 0.99939 U.99860 0..49b60 2.00h86
0 9 7.ssbs*-fl 3.0800*01 1.00004) L.00000 1.00000 1.00000 1.000n0 1.oo0000

soPU 6.1023"-0)2 3.fallfo2.0 1.000559 1.00094 0.99930 1.00100 1001930 1.00225
It 6.5923"-02 3.418A2".02 1.90(45 I.MAM9 0.9990'S 1.00000 2004010 1.9021b

ji 9.21128"-02 3.05?b"+n2 1.00217 L.00331 0.99170 1.00160 I.044380 0.9999b
33 9.0383"-0? 3.0011KN*6I 0.99772 1.0036b 1.00040 1.00290 1.00O02 U.99663
$4 .027A*-02 1.t063"*Ot 0.97663 1.00475 1,00360 1.00300 o.99880 0,98044

702101lo VOISIIET PnF4IFLE TABULATION 45 PUINT3, DELTA AT PUIN? 38

I Y 072/p PlPb TOITOD MIND 0/00 1,112 RHO/Rt4a3*U/UD

1 0.0600"4100 1,00400-00 0.90009 0.201184 0.00000 4.00000 1.20000 0.00000
2 a.30000-05 1.30060+o0 0.94009 0.31S46 0.141099 0.18390 1.70230 0.09719
3 1.1400*0- l.91'ego0o 0.90009 0.36452 0.10624 4.25190 1.86030 o.IS582
11 1.65*-U04 2.2371"f00 0.90009 0.41172 0.13118 0.32990 1.920180 0.19038
5 I.9iooo-oa 2.64%60+00 0.90009 0.oM32l 11.2S944 U.36190 1.9S660 0.16694
* 4.67000-04 3,3642"f00 0.90009, 0*09ils5 0.30176 0.42640 a.000gb 0.1903
7 9.92004-04 3.6417.0+0 0.90009 0.110109 0.310311 0.144460 1.97s10 0.20260
8 3.650*8014" 4.l1103400 0.90009 0.51553 0.339711 0.47260 1.91500 0.a1980
9 3.94000-04 4.23P%"+00 0.90009 0.%1978 0.30533 0.47950 I.92600 0.22386
10 4.7400-0"04 11.Sa?b.*0 0.90009 0.53010 0.3611S 0.09810 1.90010 V.23595
1t S.2100*-04 4.67S9"+40 0.90009 0.53333 0.36510 0.50320 1.604170 0.23900
%a 5.400041-04 4,1880"t00 0.90009 0.53634 0.37041 0.50060 1,8030 U.12814
13 6.4500"-04 S.02600+00 0.911009 0,54660 0.38063 0.51190 1.68900 0.24947
20 8.5100"-04I 5d1690ioo. 0.90009 0.56336 0.39472 0.10100 1.87850 0.25922
Is 1.11001-03 5.56340#00 0.90009 0.17796 0.00173 0.5%020 1.89370 u.26342
16 1.40I00"03 %.72S74*00 0.90009 0,S9044 0.O0918 0.56510 2.90750 0.111665
1? 1.63800-03 5.8940~.+o 0.90009 0.59025 0.411571 0.57360 1.90510 u.2711o
Ill 1.91S0'-03 6.1144*t00 0.90009 0.00622 0.44243S 0.58500 1.90050 u.27706
19 2.1470".03 6.30643"oo 0.9000q 0.60271 0.043337 0.119590 1.89070 0.20369
10 9.4l00~-01 6.5665-400 0.90009 0.61654 0.00091 0.60560 1.00 0.126649
at d.7050'-03 6.70660400 0.90009 0.03697 0.04187 0.01590 118,622 u.24353
22 $.16900-03 6.624bN,00 0.90009 0.09514 0.51030 0.68430 1.74790 u.34258
a3 7.4110*-03 1.05826+01 0.18009 0.74541 0.50845 0.74100 2.b9910 0.39#251
24 1.0$031-02 1.23%9001 0.90036 0.704aa0 0.61008 0.78130 1.61030 0.03700
as l.1802'-0l t.3090+~01 0.902S2 0.823744 0.o1597 0.61470 1.541lO5 0.47665
lb L.S031'-04 I.S6S6'+Ql 0.90477 0.64170 0.89083 0.84460 1.06960 9.112004
a? 1.7420'-02 1 .74080+01 0.90693 0.86883 0.737119 0#61180 1.39140 0.116501
ad 2.0%10'-Qal .q0A2,412l 0.9091? 0.69180o 0.77906 0.09640 2.32300 0.6t635
a9 i.27715-0a 1.1040+~01 0.91212 0.9403% 0.01222 0.92300 1.20810 0.8563?
30 9.57303-02 2.30560+01 0.91413 0.9AI661 v.64949 0.93360 1.2067u 0.70715
31 3.0721"-012 .3567"M0 0.921421 0.94516 0,89585 0.98260 1.13014 0.77609
ii A.S6740-02 2.7145,0+0 0.92800 0.95969 0.92219 0.90500 2.0911t0 0.60290
33 4.06810-02 2.14114+01 0093663 0.960990 0.90517 0.97500 2.00300 0.05637
34 4.60370-02 2.9092.0+2 0.911096 0.97807 0.96337 4.961510 2.011020 0.89641
35 5.12100-0l 3.05%60+41 0.96146 0.946a9 0.98087 0.98980 2.0263a 0.93057
10 S.62071-01 3.07?30401 0.973909 0,99111 0.98300 0.99100 2.0260 0.9492S
37 6.10740-01 3,1136.4A2 0.98b 0.919675 O."o011 0.99670 2.02300 0.97040

0 IS 6.64140-u2 3.174t0+01 1.00000 1.00000 1000000 4.00000 1.00000 2.004000
I9 7.11540-02 3.12610+1i 1.01197 1.020 0, 99203M6 0.94060 1.01410 0.9970?5
00 1.6503*.02 161,460+01 1*62304 1,00104 0.99063 0.04990 1,02060 1.00406
01 6.11670..0U 1.427400+01 1.06463 1.001S41 0,91108 1.00000 2.03274 1.03191
02 6.64740-02 lo0550".02 1,0433S 1.00389 0.98092 0J.99668o 1.03680 1034
01 9.10641-01 L.OASON44I .000311 2.00509 0.97927 0.89890 2.04050 1.01198u
04 9.67611-ga1 .06816601 2.11610 2.00327 0.97597 0.99700 1,04440 k.00197
45 I.0174"01 3.00110+01 1.11948 1.00368 0,97377 0.99180 2.04670 1,01400

INPUT VAOIANLCS vuluoTTopipw
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72021Si! V016INdET PRCOFtLE TARULATV1N 46 POINTS, 1JFLTA Al PoijiT '40

I y P17/P P/po To/TOD ti/inf u/UD T fTlr RIIO/OHOL)UfU0

1 o.00001+00 1.nooo'*oo 0.97934 0.20663 O.U6000 0.1m000 1.21810 0.00000
a 6.10000-05 1.4013*+00 0.97934 0.31050 0.14S26 0.1663U 1.64490 0.110911
3 1.14000-04 1.66f44"+00 0.97934 0.34106 0.179160 0.23560 1.72270 0.13394
4 1.40000-04 1.40120*00 0.9791'4 0.36317 0.20462 9.27010 1.16320 0.15091
s 1.9100"-04 2.19na."0o 0.97934 0.39397 0.22609 0.30020 l.N371A0 o.16479

6 .41000"04 2.69521"00 0.97934 0.44231 0.26940 0.3b460 1.80010 0.18626
7 1.9000-04 2.941,.OO0 0.97934 0.44620 0.26307 0.34460 1.40110 0.16126

10 4.4400*-04 3.6636'400 0.97934 0.49676 0.329?1 0.41410 1.90060 u.23374
It 5.21004-04 4.06490400 0.97934 0.50605 0.33607 0.46630 1.902SO 0.a4003
12 5.4600"O04 4.t2S9"*fi0 0.97934 0.50955 0,34099 U.47050 1.90390 0.d4a02
11 e.2500'-04 4.4993"'400 0.97934 0.53563 0.3biI63 0.50150 1.91040 0.21709
14 1.06000-03 4.7937~*+AO 0.97934 0.5S209 0.37141 0.51600 1.93310 u.26162
15 1.30501-03 4.9446"+00 0.97934 0.56331 0.37611 0.52720 1.04410 0.265%6
16 I.SAB0'-03 9.1054*+00 0.47934 0.57346 0.18476 u.53140 1.9fl080 0.26978
IT 1.8160"-03 !6.27280+00 0.97934 0.55934 O.J9174 0,54720 1,95120 u.27465
16 9.0460*-03 3.4720*4,00 0.97934 0.59042 0.3498? Q.55770 1.94520 0.20978
19 2.3490".03 S.6220+400 0.97934 0.59603 0.40501 0.56570 1.94320 u.26510
20 J.66000-03 5.616S0+00 0.97934 0.60656 0.41356 0.57570 1.93760 0.a9095
it S.24500-03 7.286"*+00 0.97934 0.66102 0.46737 0.64020 1.87630 0.33415
22 1.86700-03 6.75710+~00 0.97934 0.70585 0.5ISS3 0.*9220 1.80980 0.37602
23 l.040I6-01 I.I240 0.97934 0.74150 0'.55735 0.73300 1.71960 0.41504
24 1.2691"-02 t.16300+01 0.97934 0.77365 0,59046 0.7b950 1.65330 0.145562
as I.5354*.02 1.3246"01 0.97914 0.80342 0.63910 0.60270 1.57610 0.49877
ab 1.7970".02 1049600+01 0.97954 0.63293S 0..6203 0.63420 1.49600 0.54610
27 2004600-02 I.47I11+01 0.9793q 0.65747 0.79209 4.806160 1.42110 0.59311
26 9.307V-02 1.9620'4+01 0.97934 0.66026 0.76336 0.68550 1.34560 0.64447
29 9.96190-02 2.06434+01 0,979113 0090246 0.80460 0.90660 1.97460 0.69616
30 1.04240-02 2.41al5"0I 0.98169 0.92654 0.87114 0.93740 1.11790 0.79414
31 A,S?76*-02 1.64124+01 0.96374 0.93940 0.91268 0.95330 I.0918 Q.&5956
3H 4.0831002 2.41300+01 0.96590 0,95.346 0.94241 4.96610 1.05090 0.90634
3s 4.56S70-02 2.42A40#01 0.94795 0.96211 0.96187 0.97420 1.02560 0.9384o
34 S.061S"-Ol 3.0140"M0 0.99001 0.97115 0.97604 0.96130 1101040 0.96112
35 5.S994*-02 3.0941"f0l 0.9"236 0.97922 0.98976 0696760 0049600 0.96419
36 6.10A40-02 3.103'4'0+0 0.99442 0.96366 0.94065 0.990030 0.99q30 0.96546
37 6.6l%40-02 3.1646u.01 0.94667 0.99065 1.00051 0.99550 Q.Q0900 1.002NI
36 1.1187'-02 3.1617"M0 0.9973b 0.99209 1.00036 0.99610 0.99150 1.00196
39 7.603s*-02 3.l642"O01 0.99667 0699615 1.00045 U.99624 0.99150 0.99437

0 40 #.14410-02 1.161490to 1.00000 1.00000 1.00000 1.00000 1.0000Y 1.00000
'II 6.6500-0l2 3.156'4,401 1.00470 0,9994.7 0."9190 0.99970 1.00100 1.00340
42 9.16611-021 .1346~0+I 1.02419 1.00a20 0.94052 1.00050 1400640 1,01657
43 9.3491M-02 3.13000901 1603349 1.0as75 01,99495 1.u0010 1.Ola20 1.02206
44 9.6787"-0l 3.12944101 1.01429 1.00170 0.94465 1.90100 1.01d40 1.0127S
45 9.636110?. 3.1377"M0 1.01743 1.00412 0.99616 1.00140 1.01040 1.0082?
46 1.0166'.01 $.1343*+01 1.0?66q 1.00341 0.995j64 1.00120 1.01120 1.018112

INPUT VARIARLES Y*,Ij/l0Yr/lvpp,.w
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axisymmetric .: 7203
R THETA X 10- 3 :20-60

TW / TR : 0.32 - 0.47 ZPG (FPG) - SHT

Axi-symmetric contoured nozzle. Running time 2-3 minutes. D w 1.07, L * 10 M,

1.2 < PO < 5.7 W/m2 . 700 4 TO < 1050 K. Air, dewpoint 205 K. 1.5 < RE/m X i0-6 < 14.

HOPKINS E.J. and KEENER E.R. 1972 Pressure gradient effects on hypersonic turbulent skin friction and

boundary layer profiles, AIM J. 10, 1141-1142,

And private communications. Also Keener & Hopkins (1069, 1973)

1 The test boundary layer was formed on the wall of an axisymmetric tunnel fed by a contoured nozzle,

A selection from the full nozzle contour geometrical data is given in Table 1, from which It may be

seen that the test section it slightly divergent. The test station was 10.13 m downstream of the throat,
2 which was uncooled. The surface finish was smooth to 0,8 Um. The test section flow was surveyed with

3 Pitot rakes and 'was not entirely uniform but relatively so for this type of facility', No observations

4 were made to determine position of natural transition. The tests were made under ZPG or near ZPG
conditions 2.7 m downstream of the start of the test section, after the nozzle expansion, predominately

simple wave, was complete. (The downstream part of the throat was probablv actively cooled, keeping t.ho

wall temperature in the region of 300 - 350 K.)

6 An instrumentation panel about 0.3 m long carried all the measuring equipment. A row of static holes

8 was drilled at 2s.4 mm intervals on the centre line and an rEB (Kistler, diameter 12.7 em) 30.2 mm to one
7 side. The panel and balance conformed to the tunnel wall curvature. Profile measurements were made with
8 rakes mounted 47,8 m to either side of the static holes and 54 mm behind the centra of the FrE. The

pitot rake had 10 CPP of 1.016 mm diameter In the Inner 50 mm and 11 CPP of 3.175 mm diameter between

y - 50 and 355 mm. The precise positions appear as the y values in section C. The total temperature rake

had 5 triply-shielded STP of 6.35 mm diameter, the Innermost at y • 25.4 mm and the outermost at y a 357 am.

9 Temperatures needed for the Y values of the PMtot tubes were interpolated from a free-hand fairing of the

mwasured temperatures. In the region between the innermost STP and the wall. total temperatures were

taken from the empirical relation

(TO-TW) I (TOO-TW) - (U/ND) 1.66

10 which had been found to fit the data further out, Real gas corrections for a calorically imperfect

1?. thermally perfect diatomic gns were applied to all calculated values, Keyes' viscosity law was used.

12 The editors have accepted the authors U/VO and M/MD data together with the stated values of NO. TD, TW.

PD and CF. Som of the MD values represent revised data which differ from the published tabulation. The

other values presented In the tables of sections 0 and C are calculated assuming a diatomic perfect gas.

No attempt his been made to allow for real qas effects, Resulting error in static properties stated is
negligible, but the tabulated 10 and PT2 values may be up to 3 1 In error. The static pressure has been

assuid constant through the boundary layer, The boundary layer thickness is such that Integrals cannot

be evaluated using the axilymetric correction as in the source paper, They must be found using a full

axisymetric treatment and this hit been done here, (Set also Kemp & Wen 1972.)

13 The fifteen individual profiles presented cover a range of TW/TR values, obtained by varying TOO, and

14 Reynolds numbers, as a result of the TOO variation and four POD levels. The CF values have not been

adjusted to allow fur the small difference in X,

§ DATA 72030101 - 72011501. ,0 and TO (interpolated) profiles. NX * 1. CF from an FED.

".71
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15 Editors' comments

Apart from its value as an addition to the data available, this experiment Is of interest in that it shows
upstream history effects. The next entry, CAT 7204, provides a comparison case performed In the same
facility and by the sam authors, where there are no history effects. It is unfortunate that the themal

history, especially, is not recorded.
The boundary layer was relatively thick, but even so there were no observations closer to the wall than
the momentum deficit peak, to that integral values should be treated with some reserve. The TO profile

used is based on masurements at only five points.

The only comparable investigation is that of Jones & Feller (CAT 7002), since other nozzle boundary layer

studies such as Fischer et al. (7001) and Beckwith et Ml. (7106) describe tests which were made In a simple

wave cancellation region, where there are normal pressure gradients.

Table I Coordinates for the Ames 3.5 Ft. Wd.T. Nozzle (M. 7,4)

x (m) y (M) x (m) y (m) X (m) y (m)

0 0.041602 0.801209 0,153375 6.320562 0.520294
0,030430 0.042824 1,001451 0,182392 7.546172 0,533400

0.060260 0.046147 1.219200 0,213970 8.074182 0,541812
0.091440 0,140475 1.524000 n.257343 8,52162 0.647207

0.161209 0.060564 1.205000 0.306294 9.090172 0,552503
0.234361 0.071171 2.539990 0.372862 9.5N182 0.557967
0,353233 0.086422 3.30199 0.430621 10.10.223 0.563362

0.465317 O. 10*92 3.810000 0.456175 10.25222* 0,556757
0.609166 0.125517 4,825990 0.494721

C.centre of balance elemnt,

Hi
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CAI U03 HOPfXjPIS/KENCC!1 LTDU'UARY CU14U1?!OIS ANLI EVALummr DATAk. 51 UNYTS.

SUlf mp * 0w/TF? RL02h Cr H 1'? If I K Pvi PO*
X * PODl PW/.Pfl PErI2D c H~ IS ~ HIt 3K .
RZ * TODf M~, * nj P120 P144i 41K UO)T

l.0t30l.0 7.421l00 0.0001) 63.175''.*04 I.1J? -0 7.87211 1. 3A57 3*300 +ad! .b00.3ul"
15.03n,4011I i. 0930+ m6 I.0000 2.1-71111#04 :filU:) I d*1 1.141111"-O? I.3+l'44J3 Q.11I"5Qu

-5.3500"-o0I l.O 1? I" +02 0.00401 A.8867"-n3 01).lfooo'.l I IU3'4 1 6.4731"-O2 1,3197.O3 M.7907-+11?

72031111) 7.4400 O.A5.,j 11.7o410*03 8.4300"-011 7.60.1) 1.3~31 4.4so700.i 4.450U0"#2
1.OI130.0l I30,s 1.0000 3.1759"4014 fit, 1.I5721 1.5362j 3.u300"oa 11.300,0"ll

-5.3500"-OI 1.110'*lT2n A.0000 7.80311'-03 0.Onon"Ou0 1.2901 1.43514"-? j.3Pl15"#)3 1.251iS+02

7203IPI) 7.46Q 0110 6 4.33 1.9I5.0411 b.o30oo-Qq 12.4100 1.3jlq 6.u1004+ua 2.41001J.0
1.013f'00+0 .11 4.225006 J.0000 4.?8139*041 NiM 1.5674 1.dS5l) 3.1#lIo"402 ,.9utvo*+Ql

-5.3suo*-0I 0.30o,129" 0.n000 7.057*-93 0.011000'+011.09844 1.4~1"-02 1.41.91040 9,5t50'+Oa

7236u .5b00 0.81ht 11.7*410003 8.502010411 100067$ 1*js11o 40700"401 .120.

-5.j54oO'-ol 9.640"#02 0.0000 7.11034"-113 0.090100.,0o 1.1420 1.170?-va 1.186'*#0S 81.2676"+U2

7103071)1 7.11700 01.au50 R.R0117"3 I7.97011'-u 11.9050 1.3619 2.411.00#02U 2.141)"U'.2
i:130 42259tob 1.0000 11.111130041 :Jm .m 1.651 19:o 3.i0800*+2 6,91100"lvi

-5:13520%,001 A15066 toa 0.000)0 6.5W116-03 0.00ooo+oo 0.0977S 116u 1.231W1*03 727.)

72030to)1 7,41900 0.13139 7.62b12e01 I.M2u04-0 12.421.12 1.3%489 4. 000.+1)l 4.1204'+U,
.03130.01 41.86239.O W.000 9.4011l"#04 lom 1.6046b 1.54914 3.ol000"OR 1.31500+vI0

-5.35001-01 6.0$301+02l 0.0000 S.7000"03 U.0000"f00 1.01099 1.1560-1"ll l1.28*80+3 ti.0986202

70310111 7.1700 01.3.15 1.54&7".041 7.9700"-04 9.11750 1.3497 41.52000#02 4#6.Sll+*42
101300.QI Z1.7390#06 t.0090 2.0364+0*f41 :.p 1.8031 1.65494 1.u901.11"la 7.75u000#)i

72031101 7.41900 0.42$1 15 .14$0+041 .7.000-041 11.3545 1.3560 1).6d100.011I2 O.luo10"e2
1.0130*+01 511.1474#116 1.0000 I.7J~266'01 HM 1.11709 108371 3.I1000+02R b.5A100.u

*5.35oot*-0 B.lolaO14+2noo %.105"-o3 0.0000#$00 0.7903 1.19106-UP I.&HS'49"43 7.2317*0~2

7ZO090131 7.54900 0.43113 1?.3011040 47.1600-ull U1922,11.66 19204 u.70400+02 6.1000'+01
1.01300#01 4.27390006 2.0000 4.1644~0404 NM 1.6700 IMP11 3.l)00.1)l 6.iI(1001U

*5.35W-01 702311902 0.0000 41.3105*-03 Q.0000000 01.0902 1.101180-U&N l.1939*#l 6.9856*402

U0101001 7.57000 0.36257 1.5433.011 7.33000~-04 15.3795 14.3637 o.o5u00o 6I.5201)11,0
1.010"401 4583"11s06 1.0000 5.21?11".0l,4 NM 1.8709 1.6%44 1.11900*i11,0 6.71,104til

.5.3500'-01 0.402'4102 0.0000 7.164103303 0.00900+40 0.756a 1.4136s-1)l t.J1S54+03 8.526"M?*U

7U031501 7.11600 0.34163 1.46050+04 7.1200-04. 11.9011 1.3560 6.W0040.2 .74100*+02
1.01)0'0#0 9.44771#06 1.10000 q.342l~0+0 Nm 1.8746 1.8558 .16000*02 7.18410001

-S.39001-01 7.2011.01, 0.0000 9*26193-03 0.00000.00 W87148 1.29072-02 I.1790.143 6.51I'3t12

7203lul 7.900 0449 7.040+03 .260"-4 14166 1.604 4.2000+2 49qO140
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72030301 HOP K I S/KEE 14FR PROFILE TASULATIOII 19 PUINTS, DE.LTA AT PUINT 19

I y PT2/P P/MOD To/TOi) W/HO U/IJD T/70 RHO/RIIDD*U/UD

A 0.0000"+00 l.O0f000*+0 NM 0.26364 0,00000 0.000n0 1.44062 0.0O000
a 4.%500"-03 1.1246"101 lim 0.65506 0.387011 0.000O 2.97941 0.22421
3 q.6500*.03 1,17201#01 NM 0.t9701 0.43000 0.71500 ?.764IF7 0.25660
dl 1.49901-0? 1.6231,401 tNM 0.73472 0.46900 0.75400 4I.S8642 0.29173
5 2.0070"-0? l.P3A2*+0l Nm 0.76051 0.50000 0.7pl00 2.43964 0.3&1010
6 2.54000'-02 R.044oaio. NM 0.76428 0.5i2500 0.80000 2.5187U 0.314675
7 5.04601-02 a.?212't1"0I li 0.74983 0.5`5100 0.81500 .1,782 0.37125
G MSW60-oz 2.40751+01 NM 0.80061 U.57400 0.82800 2.08081 0.39792
9 4.0b40"-02 2.S4091+91 NIA 0.60673 0.59000 0.83700 2.01255 0.42109

t0 4.%470-oa 2.7041'0+0 liM 0.4t773 0.u~oqo0 9.84700 1.434340u.43768
It S.45s0"-02 2.66I15"+O fim 0.61501 0.01900 0*815600 1.45201 U.46220
22 6.32501-02 3.3015'0+0 1114 0.84916 0.674000 0.87900 1.70002 0.16510
I$ 6.86650'-0 0.?7?7"402 NIA 0.64522 0.76600 9.91500 1.41945 U.64461
14 1.1001*.02 S.2315411 NM 0.92106 0.65200 0.49400 1.23312 0.76635
IS 1.3945*-01 6.08471+01 NM 0.94946 0.91600 0.96700 1.10960 0.57140
26 1.64S5*-02 6.Woolo0l0 NM 0.97077 0.91300 0.96300 1.112o4. 0.96310
I? 1.4025'-01 7.51%45"(l1 NM 0.98973 0.94600 0.9qqoo 0.96999 1.00203
16 9.15W5-01 7.1bfk7'+12 Nm 0.99050 0.99700 0.W070 1.00000 Q,qq70U

0 14 i1.4t05-01 7.2117*401 NM 1.00000 1.00000 2.00ji00 1.00000 2.00000

INPUT VA0IABLCS Y UlUfDeM/MD ASSUME PaPO

7103050 MOPKVINSICEtJER PROFILE YAIULAVIOtI 16 POINTS, DELTA A? POINT 16

I y TRIP P/PD 1TOIOD "IMO UIUD Y/10 Rll0/NHODU.2/IJ

1 0.00000+0 1.00l00'900 NM 0037019 0.00000 u.00000 4.43165 0.00000
a 4.911001-01 4.sats"*0f NM 0.69048 0.33900 0.64600 3.69360 0.17715
3 9.6504*-O3 1.0710401l tiN 0 .73)51 0.36200 0.70100 3.31sal 9.20708
4 1,4940*Ol 1J210"401 Nm 0.75613 0,40600 0.73100 3.21007 0.11772
S 2.0070".02 1.39970#01 fIm 0.76324 0043600 6067100 3.02671 0.11209

6 4.5400*-01 1,941040+1 NM 0.60911 0.06100 0.76200 2.67706 0.27277
7 3.0460*.0l 1.10O140*0 NM 0011613 0.06100 0.60100 2.71761 0.2936.
6 3.1556ON-02 1.54494+01 1M .0.2657 0.50500 0*61500 2.600s5 0312191
9 4.0640"-01 1.062740* NM4 0.63713 0.521400 0.62600 2.09666 0.33161
20 4.S470"-02 .190 NM 0.64%%l 0.10200 0.83900 1.39621 0.35020
It S.091100-02 217.176"~0 NM 0.d55101 0.56i00 0.65109 2,29191 0,37114
It 6.32500-0l 2.66736+01 NMA 0,86%95 0.61200 0.67700 1.01)52 0.42707

13 .66500-02 3.S0141.0+0 NM 0.91621 0.70000 0.02900 1.703159 0.13329
14 I.Ms01-ol 4,5085"*01 NM 0,9530 0,79500 0.95100 1.03698 0.66510
IS 1.39494-01 S.80821401 111 0,97637 0.90100 0.96000 2.17sa1 0.53369
26 1.64611-02 6.3693"0+0 NM 0.991654 0.94700 0.q9000 1.0428Y 0.90547
27 1.9023*001 6.94a6*+02 NM 0.99367 0.96900 0,99600 1.01411 0.96205

0 Is 141561~0"o 7.0961*101 NM 2.00000 1.00000 1.00000 1.00000 1.00000

INPUT VANIABLKS YoU/UDmimo ASSUME Pmp0

120il40 OPKINSI6KEPNER PROFILE TAOULATIOIJ 16 POINTS# UELLA AT PUINT 16

I V P12/P 6160 710TOO N/HO UIUD Y/10 IONO/Rl100*U/UD

1 0.00090#.0 * .00000+600 NM 0.40066 01080000 0.00000 4.411974 Q.0ooou
a 4.9fio0'-O3 1600720#02 NM 0,74$46 0.36400 40.6700 3.h66659 0.19009
3 9.6$00*-03 .29166'0*1 tim 0.76667 0.40900 0.70600 3.34047 0.21364
4 1.4990o-08 1,49414#01 NM 0.61%60 0.44700 0.76400 1.0762a V.25486
S 9,0070*.0l 1.6679s0#0 NM 0.83646 9.47600 0.00900 2.48657 0.26007
6 2354000-02 l.146720*0 NM 0.10493 0.50300 0.63000 9.712M 0.30463
7 $.04600-09 1.05620+41 NM 0.56152 09152700 0.60000 i.11679 v.32945
6 h.5%60*.0l 2.8126*401 NM 0,67110 0.S5000 0.61600 2.43946 0.3106
9 a.06400-01 2.343a'0#4 NM 0.66011m 9456600 0.66700 2.32909 0.3711a
29 4.5470,01 PA5164002 NM 0.66794 0,5.18600 0.97700 .249846 0.394a3
It S.0150'%0l 270S38012 NM 0.96 0,62100 0.66900 A.11700 0,42993
It 0.3l100-011 2.30086+02 14 0.976613 0.11900 009i000 2,65006 v.30339
Is 23 .MV102 4.3243"*02 NM4 0,912140 0.76900 0.94900 1.51291 0.62320
14 124405"w0l S,166040+0 N4 0096061 0.07300 0.97600 I.110i 0.77967
29 1.14941%02 6.6793"M0 Nm 1.00146 0.915700 0.99700 1.08%34 0.92660

D 26 1.6461*-0I 7.1667o0*0 "M 1.00000 1900000 1.00000 1,000060 1.0000o

INPUT VA4IASLCl Yuluf2,MIMD ASIUME PGPD
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: 6.2 - 5,5 7204
• 'R T H E T A X 1 0 "3 : - 7

TW / TR : 0.32 - 0.51
ZPG - FlT - SHT

AxIsymmetrlc blow down tunnel. Running time 2-3 minutes. 0 . 1.07 m.
3.8 4 PO < 6.7 WN/m2, 68O < TO < 1100 K, Air, dew point 205 K. 5 < RE/mX 10 < 14.

KEENER E,R. and HOPKINS E.J. 1972 Turbulent boundary layer velocity profiles on a non-adiabatic flat
plate at Mach number 6.5 NASA TN D-6907.
And Hopkins, Keener and Louie (1970), Keener and Hopkins (1969), private communications,

1 The test boundary layer was formed on a flat plate (W - 0,457, L - 1.22 m) mounted on a sting at 30
negative Incidence In the wind tunnel used for CAT 7203. The leading edge (X m 0) was chemfered at 230

with an average edge thickness of 0.13 mm. The surface of the plate wat
smooth to 0.8 tum, A row of boundary layer trip elements 1.65 m high could be mounted at 19 mm (typical)
intervals on the line X m 100 mm. In plan view these were symmetrical pentagons with a triangular front
and rectangular back, 7.1 mm long overall and 6.4 mm wide, The triangular portion was 4,8 ".1 long.
Surveys were made At a single test station with X m 965 to 996 mm. The plate cooling system maintained

2 the surface temperature constant to within 30 K in the central region, Surface pressures were "not as
uniform as expected for a flat plate', varying by about 10 % which corresponds to 1.5 % in MD at this

3 Mach number. The sublimation technique was used to detect transition, which in all Cates is complete

upstream of the measuring station (figure 5, source). There were noticeable differences between boundary
layers with forced and with natural transition.

6 Surface pressures were measured at close intervals (20 me, E) along the centre line, surface temperature

8 at a single point, 16 mn off the centre line at X u 989 mm, and surface shear stress, 45.7 mmn off at
X - 965 mm, by a FEB (Kistler, diametnr of element 9,4 mm), A cooling system was provided to keep the

I electrical components of the balance below 370 K. The boundary layer profilps were surveyed simultaneously
by a FPP, a flattened STP and a CrCP mounted on a sinqle traverse gear q0v0np a profile normal at X - 996 mm.

8 The three probes registered at, respectively, 19,0, 24,7 and 29.8 mm Vff the contra line, The TTP was
constructed from platinum tubing (1,02 mm 00 with wall thickness 0.1 mm) flattened to give an opening with
h2 v 0.15 mm and ground so that hi w 0.25 me, A platinum / platinum-rhodium thermocokiple was mounted about
6 me back from the opening with a 0.25 mm diameter vent hole 5,6 me hack on the top surface, The FPP was
formed in the same manner from tube 0.76 me in diameter, again with h1 - 0,26, h2 - 0.15 mm. The CCP was
1.02 me in diameter, but was kiot used. The TTP and TPP were bent down so as to be able to come close to

the plate surface.

9 Total temperature profiles were taken for three of the cases presented (0101, 0201, 0401). The values
fitted the relationship.

U/0D a (TO - TW) / (TOD - TW)

within the margin of eperimantal error, and this relationship was ustd for all profiles in reduction.
10 The air was treated as a calorically imperfect, thermally perfect, diatomic gas and Keyes' viscosity law
11 was used.

12 The edit6rs have reduced the data uoing the same assumptions and simplifications as for CAT 7203. The
13 profiles presented fore three pairv, each specified by a TU/TR value. In each pair, one profile 10201,
14 0401, 0601) was obtained with the boundary layer trips on, and the other with natural transition, Nlo

adJustment has been made for the small X difference of the CF value obtained ýrom the FEB balance,

§ DATA. 72040101-0601. PO and (3) TO profiles, NX " 1. CF from balance.
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15 Editors' comments

This experiment provides A reference case, with no upstream history, for comparison with the previous entry
(CAI 7203). The authors compare the temperature velocity correlations obtained, and find the marked
difference displayed by the two equations quoted in § 9 for each casi.

The profiles were relatively "short" and the measurements did not extend within the momentum-deficit peak,
so that it is not advisable to place too great a reliance on values of the integral parameters. (The
authors suqgest a tolerance of B 1). Comparisons may be made with the results of Danberg (CAT 6702).
Samuels et J.1 (6701), and with possible small history effects. Horstman A Owen (CAT 7205).

CAT 720c KEEN'RZMHOPKltJ5 BOUNDARY CONDITION3 ANL EVALUAkrO DATA. 1I UIIlS.

""UN MD W/TT A En2w CFn * Hl? HI12 PW Ptzd
X POD PH/PD* POC2D CO H32 M32K IN* TO*
14Z TOO 8W t Da P]2* M42 DPK DO TN

720I40il 6.2100 0.3330 i.0662"t03 1.16000-03 11.b676 1.9071 1I1600"403 1.1O600+01
9.96000-01 2.26470*06 1.6000 2.41610+03 NM 1.o035 16,2 1.926u00,u 1.Z3000+02
INFINITE 1.07170.03 0.0000 41.6170'-04 0.0O00*0O 0.7330 4.t6431-o0 .36090403 0.73014#02

720'a0?v 6.3900 0.313b 2.lO11'e.03 1.2RO0-03 11.4416 1.6067 1.6600*03 1.660O01U3
9.9600•-0I ,3373712=00 T.M000 S.t1be+03 JlM 1.6461 1.8623 3.2600*+02 1.25001+U2
INFINITE ?.14151*03 0,0000 6.01;3'-00 0.O000 On 0.755') 1,a6U%*-OU3 1.43a4m*03 1.03960+'0

?Juo3t b.e200 0.4377 11.420•,003 1.23000-03 13.0646 1,h011 1.1400403 • .t 4.00.OV3
9.96006'-01 1.73710#06 1,0009 4.4650+S'03 104 1.8876 1.8690 I.120fl440a b.00U0*401
ININT 7.55660+02 0.0000 4.9200 0.0000"+00 0.6249 1.0076".03 l.18667.IJ3 7.12810*02

4.9b600-01 1,h6567e08 1.0000 3.76b5*sO3 Jill 1.6807l 1.4593 S.,j600"40a 8.700n.001
INFINITE B.04170#02 0.0000 7.07064-04 0.0000"+00 0.b641) 1.4Q8W-03 1.2006+"03 Y.295640.0

U0o415O1 610O40 0.51182 1.79310*03 1.06096"-03 10.17116 1.Oiq 1.3100"+03 1.53(01U3
9,90060-1 3,46503"06 1.OO00 6.63e10fl0 NM 1.0743 1.8504 3.10000UR 7,$J0'0O01
INFINITE 6.89650•Zt 0.0000 46.91S"-00 0.0000"#00 O.Sdb 1.i181"-03 1.l113t +Us 6e.010+o02

720490u1 4,5000 0.5014 ?.3461"+03 1.O00f"-03 11.8901 1.4•62 1.33u0.'J3 1.513W+03
9.96000-01 3.45Os3'ob 1.0000 #.S5O M *03 JIM 6.8%s .10M 3.1800'.62 ?.unOO"÷0t
INFINITE 6.093O01+0 0.0000 6.46,-•da"-O 0.0000"+0 O.S664 l6b91"-•3 1.1211.0+3 b.1400+9?

•~ . 4 _,_
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72oL04020 KILENER/HPPSU'J8 PROFILF TAl1ULATIO4J 111 PI~NT~o UELTA AT Pu!4NT 183

*I y PTP/P P/P() TOY TO D 14/!1) U/UO) T/ir RPMl/ HOL)*U/UI)

*I 0 .OO'O"4)l0 *iJoou"f0uo 1" .28452 1.f(00fu jo .on in) "'.'60l, 1 U .Q 'i.N¶
2 1.7000'-01 1.11447'+O1 jIM 0.61739 U.'4'j07 udlibIio 2.AI'4fli U.2('636
3 dj.8o n" -0 3 1 . 39A3*#0 1 tit, 0.85.32h 0.50bq5 0 . u (511) 4 . P440n 0 y. 3191)'
'4 44.U0000"-(3 1.621,"+01 14M D.847581 0.50449 U.531;o0 2.. 2'

4
v o.3s9q'4

5 4,~7O000"-03 1 .8eap+(). ri4 0 . bo9 U.59LA7 0.8h30 2 .I1R8 fto uAOS73
6 5.2000"-03 2.01701+01 tit 0.,)Oq98 0.61217 0.67560h 2.41300 0.442l24
7 6.4000O"03 2.35W3+01 14M 0.92,453 0 b 0.91060 1 . M 10 o i 4. 4 865
86 .5000"-03 2.'47?1i~0 lip o.930O'i 0.0)923 0.994io 1.78940o U.1078s
9 1.7000"-03 2.73114'$61 NM 0.911M 0.11463 O.'9R31;) i.o7l060 U.M199
10 9.1O0001-03 3.10'I4~40I ri4 0.95537 0.7626b U.941120 1.s323fu 0.617q9
it 9.'0(140-03 3.'P3'59"40I NIM 0.95443 U.776019 U.9466e0 L.44714)0 0.a'J69
12 1.0OT1fl-02 3.1I"~s N 0.96'61 0.80036 u.1443'40 1.441900 u.671MO
13 1.0b00"-U2 3.bI05'+0I NM 0.96977 44.8233b 0.9h0210 1.16060 udob(13
14 1.I1D00-02 3.A21i3*.01 Jim 0.97048 U.U4770 U.9)6b9U 1.3016i. 0.744321
Is 1.2sO0*-fl2 40P9660"1t NIA 0.984442 0.89q13 U.979hO 1.astou O.Si527
16 1.3000"02 11.42W+~01 W-1 0.9867c; 0.9l281 0.98270 1.1591)u LJ.84IA9
t7 1.46000-02 4.8417"t+l Jim 0.99360 0.95505 U.0.)I'o 1.06(l~u 0.91995

0 18 1.7600".02 5.3o3o"+O1 WI' 1.0n000 1.0600 1.000 1.00000 I(01 1.00000

INjPUT VAP'AtILLS YoU.IUD,7/TD AMMI!E PuPD

720140501 KCENERMO4PIOINS P~nI~fLE TABULATIOlN 16 POINISO DE.L.TA At PlANT1 16

I y PT;./P P/'PO TO/TOD m/MDi U/UD 1/T0 RHO/AHO0*U/uD

*I 0.o000"+0O 1.00n0"tflo tJ' 0.460(15 0.10D044 0.0oflO3 4.3scov (J.00000
2 1.4I000"-03 1.OL67'tOl i4M 0.86715 0.42077 0.762440 3.28300 0.21223
3 c!.8000"~-03 t.3116"~tt' rim ().8461P 0.48211 0.81490 2.ft51I'u 0.26523
4 11.0000"-03 t.roblism+01 NM 0.91407 0.51816 0.81J720 2.573flO 0.32927
S S.5000"-03 2.0507"01l 0t'i 0.93876 0.4)0694 0.8940 2.157M0 U4.41326
6 6.'600~0"3 2.3113"M(4 Nm 0.914886 0.64621 0.90930 1.9o000 0.01924

*7 7.6000"..03 2.72t4"+nl NM 0.96116 4400122 0.93080 1.7b200 0.52826
8 6.90000-03 3.2030"MO NMA 0.97199 0.?6175 0.95020 1.55600 0,01061
9 1.0200"-02 3.660-45.1 NM 0.980344 0.81779 0.96520 1.39300 0.69289

10 1.16001-02 14.RB4L40.I1 14M 0.94562 0.8826S 0.97970 1.23200 0.19521
It 1.21140".02 14.6299q4.01 144' 0.992412 0.91792 0.9V654) 1.15500 0.85412
12 1.'4100"-02 5.0l86~.+0 rim 0.99606 0.95605 0.99310 1.07900 0.92039
13 1.5500"-02 5.?4651+01 1M 0.9980t# 0.97772 0.996bb 1.4)1900 V.95919
14 1.6300"-02 S.307"0~f1 NM D.999153 0.98905 0.99840 1.01900 0.97976
15 1.6800"-02 S.39192'tlM 0i .9q934 0.99188 0.99880 1.01400 0.98501

0 16 1.9500,-Ol 5.148aba'4 riM 1.00000 1.400000 1.00000 1.1)0000 1.00000

INPUT VAPIABLES YtU/UD,T/TD ASSUME Pa00

72040601 KCEElERflIOPIINS PROFILE TABULATION 16 POINTS, DELTA AT POINT 16

I y P7
2
I'P P/`PD TO/TOO M/ND U/Ut TMTC RHO/RHOC'*UIUD

1 0.o00001+00 1.00000+00 N14 0.45471 0.00000 0.00000 4.29700 0.00(000
2 I.2000"03 7.01000#o0 N111 0.831472 0.3695o 0.70720 3.662000 0.19312
3 2.5000*-03 1.10300+01 N4M 0.864014 0.41905 0.75960 1.21700 0.23115
4 1.6000"-03 1.1'415"+01 Nm 0.81901 0.144848 0.?8b70 3.07700 U.MS67
sS '.10001-03 1.48390+01 rim 0.9073~3 0.51394 0.53110 2.4)5300 0.31553
b (3.0000*-03 t.67511+01 rim 0.91930 0.514718 0.85840 2.4610v 0.341800

7 7.4006*-03 1,9620"+91 rim 0.93364 0.59337 0.88410 a.22000 0.398214
a 66000"-OS 2.27790+01 NM 0.94658 0.6140414 0.90640 2.00360 0.45052
9 9.6000*-03 2.652.91+01 NM C(.9SSQ0 0.60217 0.92710 1.79440 0.514)78

10 1.1300"-02 3.O910"4'Il rim 0.94)932 0.711835 0.94600 1.59800 0.59199
11 .2600o..02 3.4760"+01 riM 0.9782A 0.80551 0.96190 1.42680o o.671045

13 149000-02 I.3516".01 NM 0.964020 0.68962 0.98100 1.21600 0.806114
14 1.3700*-02 S.9368401 Iim 0.99o86 4.964567 0.97160 1.061000 0.73606

INPUT VARIABLES YPU/IJneT/TD ASSUMEF PuPD
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axisymmetric
M :7.2 7205
R THETA x 10' : 6 -13

TW / TR : 0.5
ZPG - SHT

Blow-down axisynmetric wind tunnel. Useful running time 2 minutes. 0 w 1.07 m,
PO : 3.5 MN/m2 . TO : 667 K. Air, dew point 205 K. RE/m X 10'6 : 11.

HORSTMAN C.C. and OWEN F.K. 1972 Turbulent properties of a ccmnnresstble boundary layer. AIAA Jour. 10.
1418-1424.
And Horstman. C. C., private contnications, Owen & Horstman (197. (1314), Cwen et a&. (1975).

1 The test boundary layer was formed on a 100 somi-apex angle conr-o-.• 'ylinder 3.30 m long and 20M m in
diameter with a shoulder fairing radius of 810 mm. The model was , orn the centre-line of the tunnel
used for CAT 7203/7204. All measurements were made on the parallel pov,'- -. tream of the tangent point
at X - 647 mm (X - 0 at the nose). The model surface was finished to 1.' ^t actively cooled,
the wall temperature in the test zone rising by 10 K during a run, which was a, UJ. ss 'han a minute,

2 while the temperature of the nose-cone rose by about 40 K. The wind tunnel Math i, -k' and total temperature
were uniform to within t 0.05 and t 3 % respectively over a 0.9 m core, in which ta tr•am angles had a
maximum deflection of 0.5°.

3 Natural transition was detected by a hot wire close to the model surface, following Owen (1970). starting
4 and finishing at X - 370 and 800 mm respectively. The development of the flow over the surface of the model

is presented In table 1. The pressure gradient in the test zone (1/p)dp/dx was - 4 %/m. Model Alignment was
5 checked by surface pressure and heat transfer measurements at 900 intervals round the model, and skin

friction measurements 1600 apart. Circumferential variations were within the accuracy of measurement.

6 The surface pressure, wall shear stress and heat transfer were obtained along the cylindrical portion of the
model from X a 0.86 to 2.37 m. The wall shear stress was measured directly using a contoured floating-olement
balance. Direct calibrations using weights hung from the sensing element were performed before and after
each test series. These calibrations were repeatable to within 5 %. The heat transfer rate was neasured
using the thin-wall transieut technique. Lateral and radial conduction errors were computed and found to be

7 less than 6 % of the convective heat transfer. Pitot pressure and total tomperature profiles were ubtained
8 at X - 1.15, 1.76 and 2.37 m. To provide reliable mean flow profiles extra cart was taken to use flow field

Instrumentation which required little or no experimental correction. Single probes were traversed through
the boundary layer, stopping every few seconds to ensure no time lag in pressure or temperature. Pitot

7 pressure was measured with an FPP (hi a 0.76, h2 = 0.65, b, a 1.9, b2 - ".s ms). lndcpendent calibrations
In a froe-jet facility, matching Mach number, velocity and density with the present test conditlo

10 indicated that rarefaction effects were less thin 0.5 %. The minimum local probe Reynolds number bebed on
conditions behind the normal shock and probe height was 60. The Pitot probe height was less than 4.5 % of
the smallest boundary-layer thickness traversed.

7 Total temperature profiles were obtained using two types of probes- a single shielded chroeol-alumel probe
1.4 me in diameter was used in the outer 90 1 of the boundary layer and in unshielded butt-welded chromel-
alumel wire 3 m long by 0.07 m thick was used close to the wall. Independent calibrations of these probes
in a free-jet facility. matching teat conditions, indicated a maximum total temperature error of 2 % for

10 the shielded probe and 6 % for the unshielded probe. Corrections were only applied to the unshielded probe.

For portions of the boundary layer where measurements with both probes were taken the corrected data agreed
to within 2 %. The shielded probe diameter was less than 8 % of the smallest boundary-layer thickness
traversed. The caloric imperfections of air were taken Into account in data reduction.

I The fluctuating properties of the layer were measured with a constant temperature 1P and the results
presented In Owen A Hartmann (1972). A comparison between these observations and later surveys made
using a constant current HWP Is made in Owen i Horstman 1974) and Owen at al. (1275). The CC-HWP data

S_ J L . i i . I I II I , , ,, H~lI I I II I I-I. .
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were taken at slightly differenct free stream conditions. The data was reduced assuming that the signal
was not affected by presAure fluctuations. A sample profile is given in section D. The mean turbulent
thear flow was analysed in Horstman A Owen 1972. A tabulation of certain of these quantities is given in

9 section D. The three total temperature profiles, scaled on 6 (table 1) were indistinguishable and the
mean TO profile has boon used for all three profiles presented. The stotic pressure has been assumed
constant through the layer. The CF value for X - 1.15 m is an Interpolation of values measured at
X - 0.56 and 1.46 m. The CF values presented are averaged from the measurements on either side of the

12 model at each X station. The editors have accepted the data as presented by the authors.

§ DATA. 7205 0101-0103. Pitot and TO profiles separately, NiX - 3 CF from a number of FEB and CO by the
transient technique separately, Hot wire masurements.

15 Editors' comments

This experiment is very fully and accessibly reported. We suggest that recourse should be had to the

original papers, particularly for a treatment of the turtulenco quantities which we have not discussed
in any detail here.

The experimental range is salel, but the coverage of that range is exceptionally complete, This Is the
only case we have found In which, for one set of conditions, the mean flow profile information Is complete.
both wall shear stress and heat flux have been measured, and significant information on the fluctuating
quantities Is provided. Additionally there Is a high probability that there are not significant history
effects.

The soae model and test conditions woer used by Mikulla & Horstmani (1976) for pioneer Reynolds stress
easuremints using fine wires mounted on the leading edges of thin ceramic wedges.

Date for boundary layers in broadly the sam experimental range may be found in Keener I Hopkins - CAT 7204,

Danberg - CAT 6702, and Samuels et &l. - CAT 6701.

TABLE It BOUNDARY LAYER HISTORY

X (i) UD/UR MD/MR 1HOI/RHOR RED / 6 (m)

0.00 0.975 0.790 2,39 1.54 -

0.20 0.975 0,795 2,39 1.54

0.40 0.976 0,795 2,39 1.54
0.60 0.995 0,946 1,12 0.96
0.80 1.00 1,017 0.79 0.81

1.00 1.00 1.005 0.86 0.85 15.0
1.20 1.00 1,000 0.63 0.825 17.6
1.40 1.00 1.00O 0.83 0.615 20.2

1.60 1.00 0,995 0,82 0.805 22,6
1.80 1.00 0.990 0,81 0.80 25.5

2.00 1.00 0.965 0,796 0.78 21.2
2.20 1.00 0.980 0.78 0,76 30.8

2.40 1.00 0.976 0.765 0.74 33.6

REFERENCI VALUtSM

MR 7.2 TOR. 667 K TW • 310 K UR 1110 im/s RER/a 10.9

The boundary layer edge, 4, is defined as that point at which PO/POR 0 0.9.
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CAT 7205 ~iOMSMAN BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNItY.

*RUN No IW/TN PEDZN CPF * ,i11 II2A P" PD*
X*POP PN/PD* REDID Co * H3a HS2H TWO TO'

Rio *O 70sw * DI P12* M42 DIK lID TN

7aslo .0 .Scls 1.395a"*0S 900o00'-04 14.5111 1.5630 6.0 26#0l 2 6661920+92
1.10*0 3.377"0*06 1.0000 6.10634+03 2,232ap-6S 1.4191 1.7505 3,13706+02 S.90004+01

1.76000+0O 3.37?70#6 1.00 9.2120+V03 2.01390-04 S 4l 1.7401 3.oR50'602 S,9900901Q
I-l.@l50~l 6.7071*+02 0.0000 8.7?910-04 -4.2327-06 0.707, a.3138*-0S 1.10600.03 *.07090#02

* 710SOI03 7.1000 0.4764 3.04230+03 6.00o00-o0 11.1653 1.5941 6.81914+ol 60.1920#02
2.37000.00 3.1777.006 1.0000 1.19%00+04 4.10154-00 1.6303 1.775% 2669l1.0+0 9190006001
1.01%00-Ot 6.7071.0#0 0.0000 1.1171"-0S -6.28070-06 0.4316 3.0191o-ol 101040+0'3 o007'o*+.o

NW CHANGED TO It cOtiSIMTNY WITH RHOw.#PmOo
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72050101 I4UP3TIAN PROFILE TABULATION 16 POIN7S, DTELTA AT POINT lb

I y T2/P P/po To/lTOO H/MO U/UD 7/ID RHO/RHOD*U/UD

1 0.00001#00 l.0000"+O0 NM 0.115578 0.00000 0.00000 S.18135 0.00000
2 1.2070*-03 5.0023"*041 Nm 0.77091 0.2S967 0.59000 S.25464 0.114'46
3 1.4qb0"-O3 7.7709"+t0 NM 0.78484 0.33048 0.t.7600 4.18410 4).16156
4 2.09101-03 1.0300+~01 NM 0.80226 0.30368 0.72900 3.61011 0.20193
S 1.09400-03 1.720o gm 0.82591 0.142427 0.77100 3.22581 0.23901
b 4.79400-03 1.5847""l1 y: 0.66112 0.47999 0.81600 2.69017 0.262341
7 b.7400*-03 1.90910+6, 0.84256 0.52822 0.84800 2.S7132 0.32902
a 7.48000-03 2.3686'ko. 0.91274 0.54236 0.811600 2.23714 0.34804
9 6.54000-03 2.63660#,' ý 0,42544 0.646143 0.90800 1.97239 0.4603~6
10 9.0090*.03 3.37701t01 0.94941 0.70639 0.93400 1.748*5 0.53425
It 1.1156'0-0 4029680#01 11a4 0.97384 0.79819 0.96300 1.45s80 0.661,58
12 1.25970-02 S.202*5401 NM 0068327 0.a8784 0.97900 1.24089 0.74907
13 1.39060-02 S.96970401 NM 0.99705 0.94204 0.94300 t11111U 0.81370
14 1.5011'-02 6.43W+"01 114M 0.99591 0.97841 0.99600 1.03627 0.96114
15 1,61124.00 6.6606,.0l NM 1.00080 0.94549 1.00000 1.00908 0.99100

Dl1 1.70Q0*-02 6.720q"+O1 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VAR1ACILLS Y/DELIAU/UDFRHO/ANOO ASSUME Popp)

72056109 HORSTMAN PROFILE TABULATION 14 POINT~o DELTA AT POINT 14

I v P72/P P/PO TOOTOD N/MD U/UO 71/11 IiO/RHOI)*U/UD

1 0.0000*400 I.0000"t00 NM 0.45111 0.00000 0.00000 5.11821 0.00000
2 I.a*000-03 1.43t4otoo 14M 0.71768 Q.27460 0.60400 4.83092 0.121103
1 1.9000*-03 v..2020+400 NM 0.77887 0.3I154 0.70100 3.75940 0.18647
4 3.1000"-03 1.Qtl1I+0i NM 0.80236 0.40164 0.74100 3.41297 0.11741
'S 5.6000*-03 Il.50t7*01 NM 0.84634 0.41;665 0.80300 2.95M5 0.97141
6 4.50600~-01 h.9#16"$0 NM 0.66490 0.53181 0.5%100 2.55102 0.33359
1 I.1100"-02 2.554t01 14 0.91812 0.61293 0.84500 2.13210 0.41975
8 1.1400"-02 362631001I1 mM 0.94873 0.64420 0.93100 1.74G65 0.51764
4 Il~bs*5o-tI 4.b66%t0I tit' 0.47591 0.78567 0.96100 1.44915 0.64165

tO1 1.9200*-0I 5.231V4,41 NIA1 0.941677 0.8813S 0.98600 1.2SIS16 0.78761
11 I.19S"*Y-0 6*24D*N#01 Pil 1.00171 0,96347 0,99800 1,071q6 0,93014
12 a.l600*-oa 8.1672*.01 Ilm 1.000 0,97314 1.00000 1.05597 0.94700
13 d.'46W5-02 616~6'00+1 fmM 1.00080 0.99s49 1.00000 1.00908 0.99100

014 1.$9000-02 6.7209b401 imM 1.00000 1000000 1.00000 1.OOU0i) 1.90000

INPUT1::PIAbL20N.:2 tLTA#u/UUoRNO/RHO0 ASSUMn U/UO 7/

1000 11MNPROFILE TBLIO 26POINTS# DELIA ATPuONT i6

PTZ/P P/PD TIJ/100 /n l TD RHIH*iD

1 0.000014-00 1.00000#0Q NM 0.43121 Q.V0000 0.00000 4.90196 0.90000
* 1,05,006-03 4.3474"+Oo tim 0.71433 0205 050 .%6 .07
3 1.6S300-03 1.80?10+flo NM 0.75840 0.33300 0.66600 4.06000 0.16b10
4 a.60704-03 1,00521+01 NM 0.771M8 .77 .10 .3s .05
'S 3.102*0-Ol 1.0616.0+0 NM 0.7794* 0.39365 0.72600 1.4013o 0.a1344

6 4.38406-03 1,22lI2"+0 NW 0.74881 0.41937 0.75200 3.21S43 0.41367
7 .7040"-03 1.3419"401 taw 0.818042 0.411856 0.77900 A.0lons V.06863

a b.94160"0-03 .lb57l'*nl lim 0.01*M 0.4772S 0.80100 2.011440 0.26~43%
4 8.31601-03 1.743s6'.Qi mM 0.84547 0.5041S 0.82000 2.645so 0.10996

10 9.5010"03-01l.90830+01 Pilo 0.85551 0.52610 0.83500 a.50000 0.434100
It 1.1121002 2.1547-44.0 4414 0.676166 0.Sb197 0.85800 2.33140 9.36806
12 1.*408V-Ul 2.16690001 JiM 0.89406 0.559959 0.87600 2.20151 0.19601
13 l.3b*II-02 P.63674+01 liM 0.8999b v.6*293 0.88900 2.0366. 0.43650
14 l.5213*-01 i'.2?9'iflI 14M 0.91618 0.65646 0.90600 1.9047(a 0.4756S
IS 1.61920-02 1.142O'401 NO 0.9*71q 0.68649 0.91400 1.749*11 0.51*80
16 17621"-6i 3.47A7"*q1 liI 0.94081 0.71710 0.93200 1.611919 Q.%5174
17 1.8909"-02 1.84W#~01 tIN 0.95321 0.75798 4.94600 1.55163 v.60733
k6 *.03*S-.0h 4.2349"4li PIP 0.410o5* 0.79264 0.95700 1.4tl77 0.8650s
19 2.14116,002 4.6213'401 mM 0.97*64 0,81740 0.96700 I.38426 0.10061
10) 1.99W5-02 *I.QQ%7~*+l tkIM 0.96495 0,85676 0.97700 1.30039 u.1?513i
al 9.41216-02 5.1630..flI NM 0.4410 0.19*50 0.98500 k.21803 u.60869
61 R.686290,0 8.04420tftl tim 0.49183 0.44795 0.99100 1.04990 0.90676

ail 1.0723*.04 6.4078,40l NM 0.q4751 0.94144 o.49800 1.01317 0.96503
2% ).19441-04 8.b8441b*0 tim 1.00035 0.44600 1.00000 1.001102 0.99600

0 26 ).3 oo-oa. 6.7109~0+0 NM 1.00000 1.00000 1.04000 1.00000 1.00000

INPUT VARIABLE$ VlOtLTAfU/U0,RH10/Rti0O AMIUMI Popp)
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SECTION 0: SUPPLEHENTARY DATA
0 1. C.ONSTANT CURRENT HOT WIRE DATA (Owen ot 01., 1975, figures 8-11)

AUTHORS' SYMBOLS AND UNITS

X - 224 cm. Rto - 8600 To - 667 K Tw . 310 K 6 - 3.3 cam w 0.134 cm

pe . 0.0294 kg/m 3  us 1100 * io s ur/U5 / 0.0416

Y/ P o TO (PU)To p U w 1

0 0 0 0.24
0.04 0.64 0.32 0.26 13.0 4.3 0.6 7.0 1.12 1.06
0.04 0.64 0.32 0.26 15.0 4.6 0.75 7.6 1.31 1.25
0.12 0.74 0.41 0.31 14.0 3.0 0.5 9.5 1.04 0.89
0.22. 0.81 0.49 0,3 12.0 3,6 0.4 8.2 0.91 0.72
0.23 0.81 0.49 0.37 13.5 4.2 0.6 9.7 1.13 0.90
0.41 0.69 0.62 0.48 11.6 3.3 0.35 9.6 0.88 0.60
0.43 0.90 0.64 0.60 12.0 2,6 0.4 10.0 0.79 0.54
0.66 0.94 0.74 0.52 1115 2,6 0.5 10,0 0.77 0.46
0.63 0.96 0.80 0.69 10,0 3.3 0.5 8.8 0.89 0.51

0.81 0.99 0.93 0.88 8.0 2.3 0.0 7,8 0.60 0.31
0,96 1.0 0.99 0.99 6,5 2.2 - 0,4 6,7 0,4 0.26
1.1 1.0 1.0 1.0 1.5 1.4 - 0.5 1.9 0.36 0.17

0 2. TURBULENCE QVANYITIES DEDUCED FROM MEAN FLOW MEASUREWI4TS

(Horstmn & Owen, 1972, fIgures 6-14)
AUTHOLS SYMBOLS AND UNITS

7205 0101 X- 1.15.

0,071 4.0 0.49 3.25 2.69 - 0,80 0.00276 0.0102 0.15 3.82

0.066 2.5 0.49 3.74 2.50 - 2.12 0.00416 0.0158 0,29 1.83
0.123 1,0 0.47 4.07 2.29 - 3.10 0,00976 0.0383 0,83 1.12
0, 102 0.62 0.41 4.03 2.18 - 3.47 0.0139 0.0661 1,22 0,84
0.282 0,47 G.3 3.79 1._ - 3,67 0.0155 0.0704 1,39 0.79
0.340 0.45 0.31 3.54 1.61 -3,64 0.0135 0.0671 1.35 0.83
0.440 0.41 0.29 3.10 1.48 - 3.52 0.0112 0,042 1.48 0.80
0.500 0.36 OAO 2.77 1210 3.16 0.00956 0.0618 1.67 0178
0.677 0.34 0.27 26 0,82 - 3.05 0.00777 0.0687 2,22 0.67
0,618 0.27 0.13 1.59 0.31 - 2.46 0.00568 0,0543 4,29 0.58

0.741 D 0.1 0,14 1.10 - 0,017 - 2,11 0.00502 0.0648 - 4.99 0.52
0,610 0.11 0.07 0.6 - 0,040 - 1.40 0,00375 0,0716 -0.89 0.47
0.163 0.07 0,04 042 - 0.040 - 1.14 0.00409 0.0738 - 0.59 0.45

0.972 0.027 0,015 0.1 - 0.039 - 0.74 0.00466 0.1612 - 0.26 0,32
1.0 0.020 0.01 0.19 - 0.039 - 0.74 0.00616 0.2153 - 0.23 0.34
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TABLE 0 2 CONT.

7205 0102 X • 1.76 m

d(/) 4(H/3).i q~-i 1 0 ~ j0~4- 1 px.

0.048 6.0 0.60 2.99 2.49 - 0.81 0.00173 0.0063 0.10 3.76

0.076 2.5 0.49 3.70 2.18 - 2.64 0.00400 0.0149 0.33 1.57

0.124 0.66 0.47 3.90 1.98 - 3.29 0.01,49 0.0537 1.36 0.78

0.232 0.60 0.37 3.63 1.7B - 3.60 0.0155 0.0656 1.61 0.74

0.340 0.42 0.31 3.24 1.49 - 3.50 0,0141 0.0684 1,60 0.75

0.448 0.37 0.28 2.69 1.12 - 3.26 0.0111 0.0647 1,82 0.72

0.554 0.33 0.28 2,05 0.60 - 2.89 0.00804 0.0582 2,91 0.60

0.661 0,26 0.22 1,31 - 0.06 - 2.34 0,00544 0.0639 -23.40 0,51

0.768 0.16 0.11 0,55 - 0,57 - 1,55 0.00308 0.0517 - 0.66 0.39

0.877 0.06 0.04 0,04 - 0.68 - 0,75 0.00038 0.0256 - 0.03 0.07

0.904 0.06 0.03 - 0.06 - 0.68 - 0,57 -0.00077 0.04 0.14

0.986 0.02 0.01 - 0.07 - 0.67 - 0,55 -0.00241 0.05 - 0.16

1.0 0.02 0.01 - 0.07 - 0.67 - 0.54 -0.00244 0.06 - 0.16

72050103 X, 2,37 m

0.033 9.0 1,2 2.39 2,70 . 0.34 0,00104 0,0039 0.12 - 6,h0

0.051 4.0 0.60 3,32 2.38 - 1,65 0.O0253 0.0091 0,17 2,18

0.079 1.0 0.49 3.69 2.16 - 2.63 0.00994 0.0361 0,84 1,13

0,094 0.82 0,49 3.68 2.13 - 2,75 0.0116 0.0432 1.04 0.97

0,133 0.65 0.47 3.61 2,06 - 2.90 0.0136 0.0524 1.27 0.61

0,173 0.66 0,42 3.50 1,98 - 2.98 0.0143 0.0580 1.33 0.78

0.212 0.50 0,38 3.38 1.89 - 3,03 0.0145 0.0617 1.36 0,78

0.262 0.47 0,36 3,24 1.80 - 3.04 0.0139 0.0623 1.38 0.78

0.288 0.46 0.33 3.11 1.73 - 3.00 0.0132 0.0620 1.32 0.82

0.337 0.43 0.31 2.88 1.64 - 2.96 0.0119 0.0603 1.35 0.82

0.376 0.41 0.30 2.67 1.42 - 2.85 0.0110 0.0692 1.30 0.81

0.413 0.40 0,29 2.49 1,27 - 2.76 O.o0D96 0.0663 1,42 0.81

0.441 0.38 0.28 2.23 1.05 - 2.62 0.00850 0.0542 1.66 0.78

0,494 0.37 0.28 2.00 0.90 2.44 0.00738 0.0512 1.68 0.76

0.634 0.34 0.28 1.74 0.71 - 2.24 0.00660 0.0505 2.02 0.68

0.573 0.31 0.27 1.44 0.48 - 2,00 0.00551 0.0483 2.61 0.61

0,616 0,27 0.25 1.16 0.17 - 1.65 0.00479 0-048 6.32 0.51

0.652 0.24 0.23 0,69 - 0.07 - 1,62 0,00385 0.0469 -12.51 0.44

0.696 0.20 0.19 0.568 - 0.33 - 1.36 0.00288 0.0434 - 1.65 0.35

0.731 0.16 0.16 0.31 - 0.53 - 1,06 0.00179 0.0383 - 0.58 0.23

0.813 0.10 0,08 0.06 - 0.16 - 0.66 0.00054 0.0265 - 0,07 0.07

0.885 0.06 0.04 - 0.13 - 0,79 - 0.5s - 0.00174 0.11 - 0.28

0.931 0,04 0.025 - 0.30 - 0,76 - 0.25 - 0.00573 0.24 - 1.51

0.M1N 0.03 0.0o5 - 0.42 - 0.77 - 0.02 - 0.0106 - 0.27 -

1.0 0.O0 0.01 - 0.42 - 0.76 0 - 0.015 - 0.27
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axsymetrMc M 19 to 45 7206
R THETA X 0- 3 : 1- 8

TW/TR : 0.35 - 0.85 FPG - SHT

Blow-down tunnel with axisymietric contoured nozzle. Test time up to 20 minutes. Open test section:
6.6 < PO < 28 MN/m2 315 < TO < 988 K HelIum. 2 < RE/m X 10' 6 < 35. 0 w 0.77 m.

KEMP J.H., OWEN F.K. 1972. Experimental study of nozzle wall boundary layers at Mach numbers 20 to 47.

NASA TN D-6965.
And Kemp J.H., private comiuications, Kemp & Sreekanth (1969)

I The tests were conducted on the wall of the axisymsetric contoured nozzle designed to give a Mach number
50 core and equipped witt an alternative throat iection intended to give a Mach 40 core. The throat sections
were furnished with heating coils around the outside to provide a more uniform temperature distribution

in the nozzle well (Kem, 1970). Radii of the nozzle contour are given in section C for the measuring
stations. The nozzle was about 3.60 m long and 0.72 m in diamter at the exit. The profiles were measured
in the range 0.60 4 X < 3.5 m, (X e 0 at the nozzle throat) where X Is measured along the nozzle axis,
The nozzle was equipped with an Injector at the end but no difference was found, in these tests, between

2 data obtained with or without the injector, so long as the boundary layer remained attached. The Mach 40
throat was found to provide an inviscid test core approximately 0.10 m in diameter in which the pitot
pressure variation was less thin t 5 % and the Kach number variation was less than t 1.0 %. A reasonably

sized uniform core was obtained for 10 < PO < 14 MN/m2 (Kemp 1970). "The uniform Mach core is very much

dependent on the reservoir conditions so that care must be exercised in Judging the uniform flow conditions."
4 The nozzle throat was heated to very nearly the recovery temperature. The temperature dropped off rapidly

with distance down the nozale where the wall temperature was nearly room temperature for all test stations

X>1.6 m. Coordinates for the nozzle are given In table 1.

5 There were 10 static holes (d - 6.36 m) along one generator from X w 0.08 to 3.56 mat the 6 profile

measuring stations. and distributed between these stations. No corrections were made for rarefaction
effects on the wall pressure measuremnts, Wall temperature was measured at the 5 profile measuring stations
using chromel-aluml thermocouples. Skin friction was measured at the last 4 survey stations using a
floating elemnt, magnstically nulling balance (Spangler 1963). At each station the elments were contoured
to the local nozzle sut ace. The diameter of the floating element was 12.7 m and the centre line of the
floating element was alignedwiththe profile measuring station. Wall heat transfer was determined from the

steady-state hoet conduction in thin-skin gauges contoured to the nozzle wall and positioned at the last

four survey stations.

7 Traverses were made with Pitot and TO-probes at fivo survey stations and with hot-wire probes at the last
two survey stations, TO was measured with a single shielded thermocouple probe (d, u 1.78 mm) designed to
have low conduction losses In very low density flow conditions and calibrated in a free-jet facility in the
relevant Mach number range (the calibration curve is given). Pitot pressure wAs measured with a CPP
(d 1 - 4,76 mm) at survey stations 1.067 m to 336 m and with a CPP (d1 w 1.59 mm) at X a 0,508 m,
Fluctuation measurements at X a 3,56 m were obtained with a wAter-cooled platinum film probe (McCroskey 1966).
Mass flow and temperature fluctuation intensities were measured at X o 2,793 m using a HeP (CT) with a
"Platinum 10 % lriditeu wire (d1 a 0.0063 m, m 3.17 mm). A preliminary probe calibration was made In a

free-jet facility.

8 Pitot and TO profiles were taken at a station correuponding to the centre of the balance.

9 The TO and PT2 profiles were obtained on separate occasions, and the TO data were interpolated to the
V-values of the Pitot values, The tunnel resarvoir conditions differed for each run and the profiles are
presentsd as having the reservoir pressure of the pressure run and the reservoir temperature of the
tamperature run. The TO data showed sow "hysteresis effects due to variations In support temperature"
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and the data were faired giving "velocity values that vary as much as 5 % from the value given by

unweighted fairing". The fairing was weighted toward high temperature values in the outer part of the
layer, and towards low values in the inner part. The static pressure at the wall differed greatly from that
near the boundary layer edge, by a factor of up to three. The authors reduced data assuming a linear static

10 pressure variation from the wall to the free stream. The recovery factor used was 0.8. The temperature and

Pitot data were corrected for real gas effects (Erikson. 1963) and raw data are tabulated in the source
11 paper. The viscosity law assumed was Akin's (1950).

12 The editors have taken values from the authors' final, adjusted profile tabulations, so incorporating all
the authors assumptions and calibration procedures. The adoe state reservoir values given in section 8 are

calculated from the static properties at the D-state profile point, assuminq that helium can be treated as

a perfect gas. Ignoring typographical error, random differences between the calculated edge state and the
13 tabulated reservoir conditions are found at the 10 % level. With the exception of four profiles, all the

date obtained are presented, giving seven sets of runs for different ranges of Mach number, Reynolds

14 number and heat transfer. CF data are not available for the first station.

§IDATA: 7206 0101-0706, Pitot and TO profiles obtained separately, NX a 5, CF from FEBCQ from steady state
film gauges. Some hot wire data,

15 Editors' omm.nts

These meesuremnto were made in a Mach number range unmatched by any other reported experiment. The

instrumental and conceptual difficulties are such that no great emphasis should be placed on any precise

numerical value. Unfortunately, the experiment is not very clearly reported, and It has not proved pousible

to decide exactly what was done in every particular.
The editors have inadvertently introduced some scatter in the outer region of the profiles by using the

authors' TITO data as an input for the profiles, These are tabulated in rounded form, to one decimal place,
so that for the outermost profile points the pressures may be up to 5 1 In error from this cause. The
effect of the scatter on evaluated data will however be small. Large differences between our Reynolds

nuimer values end those of the original arise from our choosing a different viscosity law for helium

at low temperatures, as stated In the introduction,

The velocity profiles cannot be related directly to any correlation based on adiabatic flat plate data.

There are strong thermal and pressure history effects, end, for the Mach number, the Reynolds number is
so low that the profiles should be considered transitional. (In transformed coordinates the maximum value

of yuT/v Is of order 40 and the HI2K value is appropriate tu a laminar layer.) There are alao strong, and
inadequately described, normal pressure gradient effects which will only very approximately be accounted
for by the linear static pressure variation assumed. The probable shape of the static pressure variation
can be seen In Beckwith at al. - CAT 7106 P and, approximately, in Fischer at al. - CAT 7001. The normal

stress gradient required to turn the flow is provided by a static pressure gradient with a nonsal Reynolds
stress component superimposed on it which is of the same order.

TAILE 1 NOZZLE COORDINATE[: AUTHORt UNITS (INCHES)
x r x r X r

(Inches) (Radius-Inches) (Inches) (Radius-Inches) (Inches) (Radius-Inches)

- 0.0 0.231 8.000 1.4040 80.000 6.4240

- 0.100 0.1007 10.000 1,7320 $4,000 (03) 6.7380
0 0.0964 15.000 2.3250 68.000 7.0270

0.150 0.1140 20,000 (01) 2•,8790 80.000 7,18o
0.350 0.160o 25.000 3,4000 90.000 8,5530
0.600 0.1975 30.000 3.8230 100.000 9.2130
1.000 0.2732 31.000 4.3380 110.000 (04) 9.0360
2.000 0.4700 39.000 4,6950 120.000 10.4240

3.000 0.6520 41,000 (02) 4.1950 130.000 10.9760
4,000 o,843o 45,000 5.3170 140.000 (06) 11.5140
64000 1,1720 50.000 6.6260 (Figures from NAA Ames)



7206-1011

CAT 7206 KEM4P BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUNJ MO /TR R102 CF * 212NIK PH4* 70*
*X * POD PNIFD R102 CO Hl M42 132K YHI TD'

Ii * TOO aw * 02 P12 1142 020 Jo TR

li0001ot 1E4.g00g O.609, 7.53601#01 Nm 91.Os92 2.3469 5.3297401l 3,76964+01
$.08001-01 b.7979.+06 I.4122 I.0971'.03 NM 1.9071 1.6268 3.0a000+402 3.9400"4'00
-7.312?"-02 4.9847+02 1.0000 1.63250.04 Nc t.2602 t.ao4o'-03 2.2666*i03 4#47U4"+02

71000101 a7.3000 N 0.7006 s.Io '*0IO 3@6010"0-4 116.3716 a.a490 1.409a*+01 0.9iQ60#O0
I.0070,0Qp 407704 +0* 2.118l26,.499 003 2.14100-05 110054 1616 .1 99 ~ I00#02 1. 01004+00

0l.2590,.0I 5.01600+~02 1.0000 1,9909N.04 NC 1 1405 5,632I0-03 il.11714P+u 4.49ft1Q.G2

M6010o3 30.9000 0.0171 0.71210l a.60400-04 143.2069 R.5437 7.07a5"+00 3,7690400O
l.06100"*00 6.6'441"406 I.A917 3,3561~,03 1,6190.0-0 11.8466 .1736 3.o100.0+o 1060000"$00

*1.70640-01 .11990+02 1.0000 9.170 NC 115031 9469200.03 a 10080+e3 4.68010*01

710bopol 19.3000. 0.5444 6.4469*#01 N" 64.0861 2.3630 6 3a97*+O1 3.96almso1
$00600".01 6.7655 #06 1.355a q663624+02 NM 1.6466 1.0048 3.9 60$~ .000'*00

*-7.31974-91? 8.13061#02 1,0000 1.6394'-04 NC Issas& 2.aA714-03 al.4 0 51 7:19111#91

79060010 J6.4000 0.4375 4.69906+01 1.600000-04 130,3045 2.6730 1.469a"0+0 7.9A39N,00
1.oo06100#9 o.58oe:+Mb 41.dl 1.10370+03 5.68600'-01 110 1,15ba 345600"+Iia )69100~900

4.174 02 ti .3009 6.36810-03 3,07301#03 6*18814#02
l.a%960.01 9.24s2 1.40000 3.A797N-04 :,Co
72000101 30.60000 0.4117 S.7l05~401 3.00000-04 132.4709 2.7700 740?21'.o0 3,4401"*00
1.6aboot00 6.6411~0f0 1.684a 1.75794+03 4.2301-'05 l.6177 145641 le.2100'.0207700p.00

-167069~0-0 .6.777,402 1.0000 6601030-04 NC 2.1037 1.0531"-Ql RMW#9.*3 7,77810#02

71060301 19.40000 0.1101 i.m6ow* NM 61,1613 2.5441 S.7200+60I 54%9300#01

5.1:S600-.01 I.1062'.07 1.1905 1.4717'0+0 Nm .01 .03 4.0'0l 79040

*.100'.08 9.73600,02 1.0000 1.1767'u004 NC 114#6 a l96170-03 3.101',S040 4,731140#0

7a0003o? J704000 00403a '.29. 1 .2100*-04 100.2941 2.0110 2.007040+0 L1d3464fl1
1.0670*400 1.13230#07 1.8171 N.I11:*3, 5.33000-05 160019 1.5519 3.1000+01 3,61900+90
1.41$960-01 l.n?4f*,o2 1.0000 4.1990.04 NC 1.513 v b4217"-03 3.0646b*03 6,1347'040

7U060303 3I.S000 0040%3 7.0160#.01 AMOOS0040 14663618 a.7091 1,0514"01 11,7a0+00Q
1.60200+00 1.11014.07 1.1163 1,44764o03 4.040'OP-0 106240 1.5536 3.17V00+02 1.47000+000

'41.7069.040 GOSSOM5. 1.0000 1.23450-04 NC 1.4400 906591",03 1.u00.i'+o 7.0200.+Qi

7200030' 37.9000 0.1516 4.4990+01 1.90000-04 a4l.7135 2.8210 4,0(1430+00 a2.2097*00
1.193940 1107007 10M19 le.1404'403 3.21400-OS 1.7047 19S430 5.uQOOO.02 1.96004+00

01.49630-01 9.4083'qQ2 1.0000 S078100-04 NC 1$439$ 1.7703.0-0 3.1i31.+03 4.4394'0l0

78006020 HO.M00 0.7610 1.7076670# NMA 55.6343 2.2151 1,3178"+02 0.7s570+OI
1.06000-01 l.04609*07 1,1943 4:99,1'.03 NP 109S95 107156 5.500002 344000,*00
-7.3100-01 51.160.00a 1,0000 t.59930-04 NC 2.29s0 IIISQ09*03 1:130103 .15'2

7200040? 0,.4000 0.0010 1.3090,402 9.7300'-04 115090%0 Z99124 3.1(13*442l 1.404~4+01
l.060040.00 I.99101fo7 a.2356 6.14130#03 a.3la0'.01 1.9144 1.5809 141900"401 Il.6500.'

-I.as90'.01 5.M514'01 1,0000 l.tS094-04 NC 1.4036 4.0443"93 i.3140403 4,7946"402

72000403 34.51000 0.6070 .424N.01 I.9600P0'.0 157,0775 2.4037 1.4610+01l .M6614900
1.0610000*f 1.06730#07 2.40611 1:15400+03 1.43400%05 .12 ,11 3.0600ulou 1,20001#90

*l.70690-01 5.13355002 1.0000 4.06120-04 NC 1.4635 ?.098SV"03 293007"+03 4.6000'tgl

hf b1llu40 42.2000 0.4712 6.17034+01 1.47000-(16 321.9712 2.0170 b.60334#00 1.4521'400
a.79,10vtoo a.1066 . 07 2.2740 3.61020#03 6.3900*-06 168844 1.1787 2.97004#pi *.30004-oI
A .4963N-91 ".4318.,na 1.0000 3.40122-04 tic 1.3401 1.3367~-01 alkl032mtU 4.42bintua

7200401 43.6000 0.0231 6.13320+01 9.l000o-Q1 305.0174 3.0955 5.106C400n 2005604'00
lls.sb00000 2.1ayl't07 Rosa%%1 ,7560+~03 NM %to11 1.1335 2.9700"tol 6.30001-01
-8.9246".01 3.3106"40a 1.0000 4660390,*04 NC 1.38475 1.545I0-VA J.J440"+03 4.1740+'01



'7206-B1-2

CAT 720a KEHP BOUNDARY COND!T!ON3 AND EVALUATED DATA. 31 UNITS.

RUN MD Tvillft PED2W CF Hli HIZK PW* PC'
X * Pon PW/PD RE02D Ca m32 H52K Two. 70*
P2 a Yon 3w * 0)2 P12 Mile D2K UD TR

120b01301 2(1.0000 n.4060 1.9515"*Oa NOA 5.0000 Z.1539 1.3sya",.0l 9.6589'.0
5.01600,-ol 2,0570"#nl7 1.592o ?.50710103 tim 1.91M 1.6370 dl.0kOlO'4U 6.94000+00
-7.3127".0P 9.3274"+P2' 1.11000 2.236811-04 tiC 1.5160 1.57'601-ull 3.1015"+u3 6.364S"+02

7100010? 40.0000 '1.44641 1.13153"t0a J.01000'.04 104.8'440 264730 3,I013"tal 1.061960+0o
1.0670",OO 1.0449"*,n7 R.06110 3.2340**03 4,06900-us 1.6942 1858i11 3.480I0,1.u 3.09000+00
.1,J546-01. A.b675",02 1.0000 3.559d40-04 Fie 104660 4,36140-03 3,U0ooqoU3 7.19bl2oto

720604;01 340.000 n,4091 1.10411401 9.4SQ00-04 120.4960 2.5930 1.0I6921+411 6.2190+900
1,61600+00 9.0859"0r7 a.3904 4.530o4403 3.96o0*-05 .04747 1,5033 1.2100*01l 2.1000*.00

01.7049*41I 8.7%490+02 I1,0O0 S.Soa9'-O4 NC 101450 I1,06504-03 S.U12'10+03 7.8007"+Qi

71000100 0lIO 03570 4.46S3"lol 1,7900'.O04 319.6740 2,7960 5.6031"#00 zs4713',QO
2.79100#00 t.v090',07 2.3396 P.48660+03 a.71600'-01 1.7507 1,5'S7 ,,.Uooo"#Ua 1.60040,,0

sa.49603.01 9.311as140 1.0000 4.27874-04 tic 1.3003 1,500150-02 ý0.112bI'*3 8,38s9stOk

7lQ06060 ao.3000 0.7016 2.111!134+44 NM 72,2043 2,1649 1.0340-+01 I.19l70'eol
1.OoO.0 91.35'0+7 1.416% 6 7110'0+0 h14 1.01 1:6600 3i.I600"*02 3:60100+00O

..1?. 1:0528P#112n 1.0000 1.00370-04 NC 1:.0266 1 1 7714-03 2.RG30',. +03 , 311'0+0l

7100600? 29.9000 0.7099 1.4550e0+0 2.03000-04 135.37119 a.6124 1.1111'+01 1.48460*01
1.40700#Qu 8.9047*407 J1.0013 7.450"0.03 1.64S0'.U1 1.4406 1.0420 3.1800"*Oa) 1464900+90

-t.21960'01 S.§210'402 1.0000 IsSIS41-0dI NC 1.0696 3,0u50-la' 2.1S141+03 4.504111402

YlvbO601 311,8000 0.05104 1.41114,041 1.48b000-Om 133.1760 2.54134 l.9000+'ul 7,163.040
1.61,00.00 1,.'43l4'407 211400a 11.0441*0+03 1.711106w.01 1.9110 1,6031 3.ultj0'.0l 1:520004~00

-1.7060-91Q 5.141104s01 1.0000 4.3021-0i4 NC 114673 bol,111-123 J1,30,11"403 d4.60774009

?9o060604 '14.6000Q 0.0460 41.1161001 1.bu000-04 259,9744 2A69'9% 6.M6720+00 2.503"'00
2079104#00 0.6?910*67 a.63109 4.79920+03 1.11704-0! 1.9000 1.5411 3,uJ00Q0.ul 7.00004-01

-8.4q412-91 5.I4ii'.4a 1Isom 4.4912"-04 NC 1.03A0 162222".0l 8.3167'4+03 4.6441'401

79060010 45.9000 0,0512 *.16460*01 S4.0000-05 320s.0310 21.441 0.13I1'~o0 l.10049'400
3.516'0u100#0 028116H417 249916 4.99470#03 Nm 1.006 19 0 lei~ .97000+02 ?.10000.1

-a.9140.0'. 9 136010,2 l.OOCO 40,19'0-04 NC 1,35a5 1.7%00'-0l i.3900A".3 46.040#011~

71000191 20.3000 0.4506 1,41106*0a NM 03.3769 2.3001 I,04441""1 I 1.170.Od
3.00u0:O0 1,7901I5,o7 1.04 4 3 610#l~03 NPA 1,29 1.27 h0I~0 +l a 40000+00
-.1o.o 0.71~l 1000 l.6013lw0 NC 1,47 0 1,3047'- 3 i0018.3: 707'~

72060070 q6.0 0", 04350 1.1589'0+0 A.54000-04 111,1301 2,7134 3.9010'0fa I.6110'*01
1.0070,0+u 1,0070,#0? 1 9 7,4 40O040'*03 4.18000'.01 1:6975 t.0040 3,39004002 a.96002#00
MI.l90'.01 11.6767"+02 1.0000 3.1711'0-'1 NC 1.4435 10#100w-03 a.9974"+03 7.7?9a§+01

71000703 31.1000 0.3975 1.3074"*011 3.17000-04 127.0709 a.6101 l.094040M 1,045115400
1 :7 1600600 1.7S730+07 a.4184 11411070403 4,4570.0-0 1,66311 1,5017 3.1400#,0 13 :1004+00
1l.090-01 8.11141"M0 1,0000 4,56570-04 tic 1,129 7.1710'-03 3.oiiO'.03 7.0967+A8

71060lo4 40$.000 0*3d.91 60616010 01 SAS100'04 109,7001 2,0746 696,70+071 0 2,647110+00
4.79100#00 1 :,4600#47? 1.3967 SP4151403 JQ970"-O% 1.7977 19%310 1.970O'tol 1,dllQON,00

*8.494130-01 60 I?13'0l2 1,0000 £I.1941"s u00 Nic 1.301 lo410V*-Qa 3.05W #9,3 60.03404,0

7l0007bol 41.1090 0.3702 9,13404.01 6,1000"-01 147,4068 3.01197 6453590400 a,360911#00
M.11600+00 1.6116008.? 21.10160 418449"+03 NIP 1,0bas lo.5017 a.9700'040 1.2900'+00

-8.91464-01 8.7031',0# 1.0000 6.6687*"00 NC 1.0044 1196510'-0 3601506#03 7.AS31*0#0



7206-B-3

EVALUATED DATA - PRE53URE MASEO REFERENCE FLOM1

RUN ORPO M12PD HUlPO H42PD MEOEPPD RE02PO51 DSTAR
PapaP HIM P 116p H2PO REDlPNC R102PWI

71060100 1.6332*-04 112.2694 1.9071 1.2867 1.7183ftto3 7.6312*+O1 1.SMO5-02
1.3486*-04 soo.25tl 1.9063 1.2819 1.7000+t03 7.6361*+01

71060102 2.960*-04 !9::":1.63 1.1 555 a.1225'+63 3.3637"401 5.0030*-02
1.8620"-04 232.d I0 1.642 1.41 2.3231*.Q1 5.3053"01

1100010) 5:149II:04 i101.617 1:::45 1. 1 :0333790:+3 ::713.6'0 7.967S'.0i
60 0 4 01t3 1,8 1. to10 3.36 9'03 07 3 *01

7ao~oaos 1:114:'-04 lnS*0161 1,:6!5 1:3369 ::111:+~01 0.3926'.o5 1.6305'-02
353ai0'0 ot.66 1,6 2 1 .3362 05 +0 a 6O2 *.0~.1

IA060208 .~~-0 21.1:0333 1::194 1:3100 1,096140+03 9:8.6b03"+fl 5.03600'-p

aq117~O 16.31 1.01 1 2.110 1.74691'+0 4 0000'.1

7100030 l~1 0' "3131 1.07 .1 ?44023+03 1.07105.01 8034R20-0
4:L.7296:.O8 113 ,06 1,17 162'0 1.6U731"*0

72060302 61 02-41970 1605 .16 .9103 9O 7*0 667 '0
.1:11'-0:: 10 .20 1.00 1+2525 0I*3 07284+~0a .82*

71000030a 572-4 O REA 1.23 1,10 +.6 03 0.6170+01 6.45806,oa
3.10-621u04 1.11 1.46Sl l31 '*0; : ,6'.o

71000304 5 :7530*-o6 NOT REAL 1.7437 1.46040 1: 1364:403 14: qysb:*#1 I.5f700-01
4.i0452"-04 333.7090 1.7637 1.4641 l1363 t03 .9794 *01

12006001 1,1R11'04 108.60 I,6sea 1.3107 4,0101 +u3 .7052'*042 )1.7919'02
1,1346'.04 106.3671 I5,6365 1,3M9 6.CS0515'r3 a7655*+02

1106040403 11.61 166 .160 91 'U3 al,94".0l 4.11"l50-02
7266J 1.931M:-06 1540.06,:17 1,91160 1:3121: 1600003:g 1:0196.0+0

72060401 o.al~oo'-u. 316.0334 1.411a 1. 476. ::0918",P3 i.5308"+Oa 6984l3p-0&
244970"-04 a61.9913 1*4113 1.477 b09311+03 3.1309 +04

72004404 1.5705'wQ4 NlOT REAL 1.66434 1.3Ma 3.604403 6.88744001 1.3691'.05
2.35440-04 4394,4936 1.6635 1.3500 3,65P3027'0

?206040% 4l.6311'-04 NOT R&AL 1.6499 1.3170 3,7304"+03 6.4673*.ol 1,83PI-01
R.6944*-04 174l.0609 1.4-.00 3.1104 3,7301"+03 *64674%+Ol

72060501 202%6:04-0 71.0 1.o& 23 1 177 l74146+03 1493644601 1.3380"-01
1,o:,ao 66 :77 59183 31.27 a 7861"+03 1*9369'4+0a

li0oboal 3.'%691'.06 196.5116 ::6,29 1,1623 3L10320t03 1.1a226'.02 4.27W4-02
21.7110-04 167.3242 5.6933 1.0610 34ao37t13 t.1219"081

72060f503 s 1463S'-04 NOT REAL !:,676 5.101 , 69 i? , 3 01.900*'ii 7,2305"-09
3 47060'04 193.4044 ?,76 1 45166 44195'33 1.0966 .02

7a0600504 4.1569'006 NOT REAL 1,76706 1:11,30 '21: 756'+03 4.06ni1'* 01 5.'23001
2.6002".04 460.630a 1.7677 1.3121 2.716~t03 4.9602 tot

71060001 1 5S006-ot 9179:131, 0 1. 6 :%:115 .5a~3 2 96614+ua 1.s1W-17.
1.2*15.06 66722 1.60 1.4a6162 0146'03 2.9700"4002

72060bd A.24437::046 2131.015 *11 93,7 103606 7 3023'tUl 1.4643-ý(12 3.7070-01'l
1.s0 , 06 5 ,0 :0006 1,9602 1.3656 7.S3640"M 1.44'3 !)?

71060010 4.2487"-04 321.216S 1.9260 1.5061 7,9413"6,3 1.4bU""12 6.4505*-01
4.4338"-04 230.9,144 1.9261 1515049 7.94933"+03 1.ib62q"+04

720.0600 4.4s550"004 NOT RAL 5.94060 1.6468 4.76151#03 8.5156343"fJ'assio13'0
25003"-04 043.00,100 1 9060 1.4491 4,16la~tU3 6.0% 9 601

72060000 6,68751'.06 NOT REAL I.01 134 ,497Nt03 4,1951'+01 1.750160-01
1.5443*-04 507.6920 1.61 1.301 A.4970*03 8.1955"s05

72060701 1~e3~o 6507 :.6 5603 3.4515'+63 1:4:49"404 1.87W.~'00
q 5 09'0 79. s7 1,59 1.63 3.6136NtO3 4 57N?+09

72060707o 3:11941.:Si 1166*67Q 6,49 1.65$$5 3:9064'*13 1.34sowsua 3,9'lI'02a
a oso~-0 57.10 1 .4a9607 ,1 7 4 3 9049't03 1.3651'402

72000703 4:'0'0 9.91 5666 559 .05f3 9'S 4
' ,370

72000706 : 046,410-11 MOT? RE,9AL 1,1904 1.3706 3 4018"tQ3 6.1135:411 1430690-l11
A26097'-04 411.0117 1.7964 1.3095 3.A4l0"*03 6. 4733 .01

72000705 0 464"6-04 NOT 1#IAL 1:.61:6 5,693) 1::14$'#93 9.0910"*o1 1.8274-at
3.7176'-0 I0.17 166 1.4 16 4 41361#03 9.0906"4.01



7206(-C-1

720b.0I0OS KEP'P PROFILE TABLULATIOJN ?3 PUIN75, DE~LTA AT P1U1NT 21

I PIP/P P/pD TO/TOD liMM U/Li0 T/TV WHO/Rl11nuoUiUD

I 9.0009")0# I *tlflhIL90 I .89173 U.586b16 0,01100 0.0t000o 187.!001)0 0.00001)
4 6.1444"-03 l.2c28O'+00 1.611360 0,bos353 0.01753 U~.2S230 175,60000 VJ.002644
3 1.270(1"-02 1.7ZqO"*OO 1.74672 O.vI2461 0.027-59 0.3L4mb0 160.60001, 0.JU.O9a
4 1,0063-00 2.36W#"00 1.76358 O.b5476 O.U35.i4 0.43750 198.2U000 0.00521
5 e.541s"-Oe 3.12AO".0o 1.72160 0.,0082 0,001155 0.52020 1341.500014 0.00b666
b 1.1,7b3--02 QJ.103,+00 t,67912 0.74069 0.O5468 0.60320 120.AOuOQO .u0838
7 3,8112"-92 6.qz'0',vO 1.61132 0.80859 0.06767 u.b96'0 1011.70006 0.01083
a 4.44161".02 1.17161+01 1.59767 00901107 0.06966 0.8076U $1.IOO0v Q.U1591
9 6.0525".02 2.a6609'tOI 1.55166 0.96203 0.1d1169 0.9t390 41.6000v 0,03009

10 'J.7I7s*-O? 1.1560,02f 1,50960 0.9a64 0.24049 0.96760 11.10600 Q.13169
11 6.3sas".02 ?5.a* 13 .47976 0.9626q 0.4?337 o,91iia0 5.3Oouo Q.a7900
12 6.911711*02 1.0166'0+0 1.41400 0.95914 0.03132 0.97531, 3,5000o0.39401~
13 7.6MW-03 5.11116"+02 1.36396 0.9S773 o.60519 0.91600 2,60000 O.5',iu1
14 b,2575".00 h.3044~l+02 1.33675 0.95bib 0,67364 0.97630 41.10000 0.622333
Is *.693s"-oa 7*.J396'4.0 1#33407 0.95679 0.73606 0.97660 1,60o0M 0.72303
16 91558".~01 8.1070+02~ o~augso 0.96011, O.79935 u.97900 1.50000 0,81S70
17 1,0164'-0i 1.05'5"903 1.16430 0.96490 0986116 9.9818U 1,30000 0.69442
15 1.0799".01 133"o 1.17110 069016 09684 0.915460 1,20ooo U496.097
19 1.14141-00 1.24b5"003 1411941 0.97713 0.942s0 0.98680 1.10400, 1.00639
40 1.2070'-Qo1 ,259.6'.03 1.14389 0$98542 0094631 0.09250 1.10006 1.03100
it I,33321"-O 1,161120#03 1.04540 0.96,716 0.99360 0.991060 1.00001, 1.03671
33 1.29556-Dl 1.39W#903 1,0?630 0.99303 0.99610 0.99504 1.00001, 1.02271

0 33 1.3)40"-01 1.OoI'403 1,00000 1.00000 1.00000 1.00000 1,00000 1.00000

INPUT YAkI~bE1& S vU/UoT/TDvMHC/RH0O

71060405 MEMAP PROFILE TABULATION 24 POINTl, OeLTA AT POJINT 24

I *16/P P1PD TOITOD MMN U/LID T/Tu RHiO/RHOD*U/UD

I 0.o0000"+o 1100oo6#00 1.11547 0159509 4400000 0.00000 3111170000 0.00004
a 1.47311-02 1.09480400 2,41692 0.57712 0.00760 o.1aslo 316,90000 0.00096

3 ,133-0 13P6 a00 1.9010 0,1090440 1.01307 0.34690 311.500400 .0
6 )B1.4'0l 1.66740 3.01 06196 0.001907 0.31000 336.4000a fo.011039

5 sl06tb*-Qz Ellett""*0 all1939 0%70149 0.02473 0.44450 313310000 0.00307
6 6.31197"-02 36a7740+00 ae.16693 0479169 0103115 94113910 395.00000 0.00,399
7 7.63WS-01 4.78900900 3.11011 0.60714 0,03909 0,63310 26,340900 0.00519
8 6.9030'-02 7.3979*440 A.0130 0.16654 0.04460 0.73691, Z16.00000 0400691
9 0.0176::01 t.34810#01 1.90164 0.9 071 0.06705 061 0 1010000 0.01098

t0 11,446 10 400914+1.0 1.91556 0,95906 0.1,1616 0900 60o1:14000 vl03911
11 1,3719'-Ot 1014844'02 1.814930 0.96798 0020147 0.96630 21600000 0.07765

03 13993N,.01041667I0+0 1.70600 0.97462 0.39156 0.97190 11,30060 0.05617
13 t SAW.01 4.14Il'903 0.70060 0.97316 0.16103 0.9016 6.10000 0,21154

04 I.M656001 619019"toa 1:61690 0:97094 0041`9116 0.1)6840 4.30v00 0,30770
Is 1.7006".01 4.09099,081 .1 7160 0,97133 0,69600 0.96390 3.00000 0.111731

16 1.99791-01 1.19031+03 1,79 0 97409 0:64975 0.06040 3.30000 0,56513
17 .03513-01 t.445&P*03 11406760D 0,97542 0.701597 041,5690 1,90000 o.7saoa

Is 41.16al"-00 1.7102*903 1634976 0197021 067609a 0.96100 1.690000 0183331
1 9 l,3091'.0 1,114t0303 1.34609 0,950s1 0.00617 0.96900 1050000 0.09013
30 d.41661-01 2.1313"fas 1.,3100 0 M037 0.56912 0.99140 1.30000 Q093053
31 a 4639"-01 P131866*03 1,17001 0,90737 0,90694 0.99350 1,30000 0.94076fa 4d16718*-00 a.S4401403 t,10099 0.99139 0,94937 0.99360 1.10000 0.94910
a3 2.77,270-01 l.14S60+03 1611078 0,99677 0.9S069 0.99730 1.10000 0.00707

0 a4 i.9000".01 l.S1S66+03 1.00000 1.00000 1,00000 1.00000 1.00000 0.00000

INPUT VARIABLES YoU,'UDT/TORHO/pMoO

73060705 KEMP PROFILE TABULATION 33 POINTS, DELTA AT POINT a31

I V P13/ P/Po TO/TOO WH/O UI/UD T,010 RHO/RNHOD'UUD

1 0.00000*00 1.0000900 3,161094 0.34016 0.00000 0.00000 213.10000 0.00000
a 11.714'0 02 .0 601.900 2.74604 0.37006 0C00MO 0.14610 216.90000 0.00170
3 1:401:32l 1.0613'90 1.615440 4040071 0601190 0.14400 337.00000 0.00374

4 3,0115*-0l 8.00494.00 13611a3 0.46043 0.0W1S 0.33470 23b6,00000 0.00365
S 11.046".980 1.61410+00 3.4#940 0,116113 0.02775 0.41130 810.10000 0,00411
6 6 3044"-01 4.036S'900Q Sl.1366 0,16113 0.03469 0.13130 216#40900 0,00575
7 1:6901)0'l *1 :341 * 0 a,33046 0:6'1449 0.04391 0.60950 191.60000 0,00737
4 6.694s"-02 1 69190#00 8.111160 0.75380 0.05559 0,70510 160.40000 0.00967
9 1.01660001 1,71400t01 a1.6960 0.061164 0.07562 0.803090 113,00000 0.01141
110 110.13:'-0: 101 90 3,00044 0.00100 0.100763 0,60490 67,60000 0,0234

~I 0.76,0 94909 1 1,00160 0.91367 01 771 0.903490 27.00000 U.00731
l.397-0 0,9688+0l ,9116 sl 0.9309 016 091160 13.70000 0.013399

13 1:109,19::0t Is 6420+0l 0.0304 40.906 0.134997 0.96400 %,60000 0.13194
14 1.6114001O 6.1114'0+0 1,7706 0,9411 0.413200 0.96960 4.60000 0.17180
IS1 .7169*'01 4,047004@1 0.64641 01,1161 0.511114 0,97 390 3.00000 4451M3
16 1.9060'-01 1,1441"+43 161113680 : 09194 0641114 0697a440 I,3000 0.66101
17 8:0 :00t01 I,601414+03 10.6911 0.96191 0.7)109 0.46&10 11,00000 0,60061
is 9:11:1 19430'443 t:41141 0.97638 0664S 0.90770 1.1goo 0.93661

20 A.6049,-01 1.70344'03 141351113 0,9:16 091106 0,94710 1.00000 0.04973
as l60B3.001 l.70660#03 1611717 0.9 711 0,91 A03 0.99010 1.00000 0.021146
a 3 17700 lS61+03 0.00000 0.00000 1294000 1.00000 1.000004 1.00000

INPUT VARIASLEI YOUMD7/TNO/MONHaD
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Mxisymmetric - N: 0.06 to 3,6 7207
- R THETA X 10'3 : 6 - 26

STW/TR : About 0.5 and 1.1 FPG-MHT-S'T

Special purpose rig: continuous running. 0 (inlet) 127 mm. PO : I MN/m2. TO : 830 and 290 K.
Air and a small quantity of the combustion products of Methanol. RE/M X 10'6 at inlet about 30 and 100.

BACK L.H. and CUFFEL R.F., 1972. Turbulent-boundary-layer measurements along a supersonic nozzle with

and without will cooling. Heat Transfer. Trans. An. Soc. ?ich.Engrg. 94, 242-243.

And Back I Cuffel (1971) and private communications,

Also fack, Cuffsl and Messier (1970). Many associated papers, See References.

I The test boundary layer was formed on the Inside surface of a circular duct finishing In a convergent-

divergent nozzle, The air supply Is compressed and then heated by the combustion of methanol before entering

a large settling chamber containing baffles and screens (Back, aessier i Cuffel, 1967). From this it passes
through an area contraction of 11.6:1 and enters the duct which has the dimenstiom listed in Table 1. These
may be summarised as describing a conical convergent-divergent nozzle of closely 100 tmi vertex angle fed

by a cooled-wall approach duct about 1 m long and 127 m in diamter. The throat (diameter 40.4 m) and the

junctions of duct and nozzle are fairud In section with circular arcs. There are five traverse stations

8 upstream of the throat and one downstream. The first station, In the approach duct, his been selected as the
X a 0 point. The surface was finished to 0.8 um and could be actively cooled by small circumferential coolant

3 passages, of which there were 36 In the nozzle and 31 in the approach section. The boundary layer was tripped

by a 1.5 me square step mounted Inside the duct at the outlet fro. the settling chamber contraction
(X a - 1.110 m). The velocity profile it the first traverse station was typical of a fully developed turbulent

4 layer. The cooled approach duct allowed the thermal layer to fore with approximately the same wall temperature

as in the nozzle, and from a point Just downstream of the boundary layer trip.

6 There were sone 45 static pressure taps (d a 0.51 mm) In the nozzle and 9 in the cooled approach duct.

Thensocouples were fixed in the coolant passages, and the "gas-side" wall temperatures were calculated from
these 'water-aide" measurements and the heat-flux, whiuh was determined calorimetrically. The technique is

described by Sick, Messier and Cuffel (1967).

8 The 6 profile traverse stations were at X (axial) - 0, 90.50, 147.67, 185.67, 223.80 end 528.04 mm (the
7 throat is at 313.06 m - tee table 1). The Pitot tube was an FPP (h1 . 0.127, b1 . 1.656 1 . 12.7 mm) and

two types of TTP were used. In the subsonic region an exposed thermocouple 0.1 mm thick in the direction
normal to the wall was mounted on a support for which h1 - 0.25, b1 a 6.86. 1 w 12.7 mm. At the supersonic

0 station, an SIP was used for which h1 a 0.25 m. The Pitot probe was always located 900 circumferentially

.from the TTP it the some X-station. Only one pair of probes was In use at any one time.

9 The authors have Interpolated the static pressure masurements to the nominal X-values of the heat-flux

measurements. These values are presented together in section 0. The heat flux measurements are the average
of at least 5 runs. The authors' CF values, quoted for the profiles, are based on a momentum balance for

the four stations in the converging cone, on a form of Reynolds analogy In the approach duct, and in the
supersonic diverging flow, on the velocity profile in the sublayer. Very close to the wall the TTP gave

readings below those indicated by an extrapolation of the TO profile to meet the TW value, and the values
11 were adjusted to fit the extrapolation. Transport properties were taken as for air, from Hilsenrath at al.

(1915).

12 The heat flux and pressure values are given separately in section D for the 01 series with strong wall

cooling. The authors state that, for the 02 series (heat transfer to the gas but near adiabatic), the
temperature differences were too small to allow of meaningful distributed values, and suggest that the
wall temperature be taken as constant at 1.10 TOD. The editors have accepted this, and the preesmption
that the pressure distribution is effectively the same in the two cases. Boundary conditions for the
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profiles are thus taken from the authors' interpolations. It has been assumed that P - PD through the
boundary layer.

13 The two sets of six profiles describe the development of the boundary layer through a nozzle expansion.
The low velocity history is fully described (profiles 1-5) but there is only one supersonic profile. The

14 two cases are firstly (Series 01) a flow with strongly cooled wall in which the wall heat-flux and
14 temperature are given in detail. The second series (02) describes a near-adiabatic set, and is without a

detailed temperature history. The CF values are as estimated by the authors.

§ DATA: 7207 0101-0206, Pitot and TO profiles measured simultaneously. NX a 6. Heat flux by calorimetry.

15 Editors' coements

This entry is included principally as a challenge for calculation methods. In both series, tUe state of
the boundary layer upstream of the throat is very fully described, and a fully developed calculation

scheme should be able to predict the subsequent heat transfer distribution and the final velocity profile
from the full wall pressure and tshperature data given. The heat transfer case (series 01) is similar to

tht "cooled Inlet" series of Boldman et al. - CAT 6901, series 02 - for which, however, the emphasis

in mea•sirement lay on the supersonic side of the throat.

The authors' CF values appear quite reasonable when the profiles are plotted out in comparison with the
wall law. though the values for the supersonic profiles, 0106, 0206 are probably too high. In general

measurements do not extend within the momentum-deficit peak.

The measurements described here form only part of an extended project described in about ten friquently

overlapping papers.

TABLE I GEOMETRY OF DUCT - DIMENSIONS in mm

X (Axial) X (Contour) - RZ

End of contraction (E) 1110.00 - 1110.00 63.50
Start of cooled approach - 1053.85 - 1053.85 63.50

First profile station 0 0 63.60
End of parallel approach + 59.95 + 59.95 63.50

Circular arc fairing with radius 40.64

Start of conical contraction 67.01 59.61

Second profile station 90.50 90.91 58.67

Third profile station 147.57 148.89 48.51

Fourth profile station 185.67 187.55 41.88.
Fifth profile station 223.80 226,26 35.16
End of conical contraction 304.29 - 20.96

Circular arc fairing with radius 50.47

Throat 313.06 317.07 20.19

Start of conical expansion 321.84 - 20.96
Sixth profile station 528.04 535.08 57.76

End of conical expansion 556.87 63.06

.1 __1
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CAT 7207 BACK/CU7FFL BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS

RUN MU) * TII/TPRL4D2W CF * plia 112K PM PD

x POD00/P*PO2 o* M32 1112K 14* TD

72070101 0.0077 0.4627 1.7644"404 3.2000*-O1 0.5t27 1.3644 i.0285"0b I.0285"*06

0.00o00"+0 1.0315"*06 1.0000 I.0512"I04 1.0500"-03 1.7922 k.7Q8a 3 bs56"#02 6.3266"+02

-6.3500"-02 6.33330*02 10,0000 2.'4872"-03 NC 0.6063 2.15449"-03 3.b054'-01 0.33Z6-+02

72070102 0.0723 0.454)5 1.6106*t04 5.0000N-U1 0.3516 112397 1.0311"#06 I.0311"446

9.M097-02 1.0349"+06 i.u0O 9.07b3".03 8,900OM.O0 1.6441 1.8514 3.8000"*02 8.3s2o"+u2

-S.6674*-02 5.36111+02 n.0000 1.9774"-03 NC 0.7208 1.7200~-01 4a.18444+0I1 8.36021+0a

72070103 0.1038 0.4759 1.33031#04 %..2000'-03 -0.0'469 1.15)48 1.02991+06 1.0299"+06

1.468'1-0I 1.03770+06 1.0000 6.0969"+03 6.9000"-Dk 1.904L I.9003 3.9778"+02 a.3'131"+U

-4.&S140-02 6.3611*+02 0.0000 1.1765"-013 NC 1.0634 1.0327*-U3 6.0Il3m,01 9.3S9210+0

720701104 0.1367 0.4910 1.2926"+04 i4.00000-03 -0.3372 1.1576 1.0226*+Qb 1.0226"+06

1.87W~-01 1.03b3"+06 1.0000 8.0317"+03 8.S0001-04 1.9054 1.9110 3.994'4,402 4.1086*+02

-4.1805"-02 8.1309t+02 0.0000 6.6441)S-04 NC 1.3511 7.41642'-04' 7.#00460+41 8.1357"*02

71070105 0.19'hu1 0.4947 1.4951"+04 4.6000"-03 -0.2tas 1.I191 1.9046*+Ob l.1)0460+06

2.2626*-01 I.03is"+06 1.0600 9.45l00+03 7.5000*-04 1.90453 1.9144 'i.161l0+U2 6.27iJ8*0+0

-3.51W0-02 6.33133.02 0.0000 7.403"-0'4 NC 1.2660 6.0975"-04 1.1209"+0? 5.32ba"+oa

72070106. 3.3663 0.4613 1.0570"e04 1.?6000'-03 -0.3a21 1.239q 1.64a4l+04 1.614640+401

S.3508-01 t.0370"to 1.0000 1.36610+04 3.30001-04 1.8840 1.8692 3.5600'.02 2.SS12"*02

-5.7760"-02 6.3333"#02 0.0000 9.2O080*04 NC l.741o 9.0631"-U4 1.0140"+03 7.7120"402

72070201 0.0650 1.1087 2.4142"+04 1.7600-03 1.4542 1.3290 l.0339*41)6 1.0319",Ub

0,000fl+00 1.6370~,06 1.0000 2..614'"+'04 Nm 1.0203 1.8189 LiSW+0.2 2,9t42"402

-0.35001-O? 2.9167"*02 0.0000 1.7223"-03 tic -0.0944 I.7550"-Ql 2.R2)4a"#0 2.91644402

l 72072? 0.0740 1.0246 2.2065"404 3.3600"-03 1.2195 1.178 1.02W+06o 1.02690+Ob

9.0907"-02 1.03?8"406 1.0000 2.2444'104 NMH 1.8609 1.6057 3.0216~0*0 2.95230+02

-S.8674"-02 2.9S;60+02 0.0000 1.3301"-03 NAC -0.0317 1.13711-01 0.5493,401 2.9552N+02

*72070203 0.1030 1.0245 1.3560+0)4 3.5400"'-03 1.1911 1.112a 1.026b"*oa 1.0266",Ub

1.46804-01 1.0342*406 1.0000 1.383b"#n4 lim 1.9425 1.9422 3.0s00*02 2.971V*+02

-4.0511-02 2.4776"+02 0.0000 5.9363"-04 N4C -0.0074 5.9663"-04 l.SS94"+01 2.9771"+Ui

72070204 0.1300 1.0807 S.76B6"i03 3.4400"-03 1.8703 1.1966 l.uaWl+ub 1.02530406

1.87sqw-0I 1.03904fl6 1.11000 )..1400*031 NM 1.9981 1.9267 3.1389"+02 R.89)4%*02

-4.1885"-02 1.9056'*02 6.0000 1.90406-U4 NC -0.6319 1.9467"-0)4 4.1074"401 2.9044'+02

720020 0.1970 1.0940 7,076s0+03 3.9400"-03 1.8389 1.1421 1.0043,0+0 1.0093"ý06

2.?66-0 1.0370+06 1.0000 7.622840+0 141 109453 1.9441 3.194"40+0 9.899vo*02

-3: 3sI124:-02 2.922.it02 0.0000 1.6865o-04 lic -0.6053 1.1239*-U4 h.?2ob0401 2.91499+02

71070206 3.6140 1.1b82 2.6695~0+0 1.3600*-03 0.10111 1.3604 I.159q*+v4 I,1599'i04

5.3508*-01 1.0390"+06 1.0000 A.SWIY4+03 Nm 1.8362 1.8671 3.1389*0+0 6.0037*+01

-5.7760*-0l 2.90560+02 0.0000 1.13684-04 Nic -0.2268 2.?S70570 6.619874+02 1.68104+02

TRAPEZOLUAL RULE FOR RU. 0106
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72070101 BACIK/CIJFEL PROFILE TABULATION 31 POINTS, DELTA AT POINT 11

I y PTJT/P P/PD TO/TOD M14/11 U/UD T/ID RH(I/RHO11JU/UD

1 9.e00001+00 1.O0060*tI0 rim 0.46163 0.00000 Q.00000 0.46200 0.00000
.! 1,?780*-04 I.00091+00 NM 0.i11290 0.54965 0.46'420 0.71330 0.65078
3 203201l-04 1.fl09"+nO W.M 0.7?.160 0,50'440 0,081100 0.722n0 V.b60112
4 2.54001-0'I I.0O0"i*00 NM 0.73611 0.S8716 0.503qo 0 .736b10 0.64101
S 1,0440"-04 1.00101+00 14M 0.74322 0,60152 0.51870 0.70360 11.69155j
b 3.5560-0 I.o1+0 N .05 .l7~051060 0.74990 0.70756

7 ~ ~ n 0*I050 0.01~0 NM 0.55 0.26 9 .7 0 (1.12017
9 .58'-0 I.O~tO M 0:7"'52I 0.8612615 (i5130v71o .38

10 U.IS0'0-0 1.l00110+00 NM 0.7b737 0.65S87 u.bssao 0.762110 0.12733
91 5.5880"-04 1.00i3'.foo NM 0.70~54 0. 761034 0.56830 0.78290 0.16348

12 9.3980".04 1~f003*0+4 rim 0.75596 0.611132 0.b053 0.78930 0.76686
13 1.1938"-03 1.001o*too NiM 0.79997 U.697'41 o.623qo 0.800olO U.77958
14 1.4475"-03 I.fl0T5It00 NIA 0.00858 0.71549 0J.64II50 0.0108190 0.79552
IS 1.6280*-03 1t'o5"l.I0 NM 0.61539 0.73208 0.b6200 0.81870 0.80909
16 2.20950-03 1.001l6"f00 1414 0.62680 0.70812 9.68120 0.1,12910 0.8216L
17 9? .7174"-03 T.0017",fl0 Nm 0.83S52 0.76046 Q.70180 0.83880 0.83906
18 3.3528'-03 1.00150+00 Tim 0.85004 0.78819 0.72680 0.8119030 o.55476
19 i.qS8?6-os 1.0015"+00 Tim 0.8597s O.803J U.7441010 0.86000 0.6f660N
20 5.2%78"-03 1.Q0020100 rim 0.670111 0.63M3 U.77930 0.67660 0.80900
a1 b.s2761.03 1.60211+00 rim 0.69181 0.65764 0.81000 0.619200 0.40607
ak 72.7974'~-03 1.nT1pa2o0 Jim 0.90603 0.850?0 0.83790 0.90620 0.92463
23 9.087$'yls i.Q?3"+0Q rim 00117b6 0.90129 Q.bh3s0 O.91?qo 0.9407
211 L.03W."02 1.00244#00 NM Q.9a908 0.92007 0.08690 O.929.?0 0.95448
ý?% 1.2816*-02 1.00?8.flO TIM 0.947S2 U.94920 Q.92400 0.94160 0.97509
26 1.5416*-0? l.00?70#00 WJM 0.96025 0.970%6 0.95110 0.96010 0.99042
27 1.7956"-0? 1.0026**00 Tim 0.97038 U.9144%6 0.964140 0.07040 0.99908
28 9.049b'-02 T.oo.78*+0o Tim 0.97039 0.99318 0.98200 0.478140 1.0040101
aý a.5S78G.-Oz 1.0028*+00 TIM 0.989?0 U.99831 Q.99290 0.96920 1.0037.1
30 3.06511".02 !.0026,+00 NMA 0.99S40 1.00000 U.99770 0.99500 1.00231

0311 3.!1738*-02 1.0n280+00 1110 1.00000 1.00000 1.00001) 1.00000 1.00080

INPUT VARIALILCB ys (1J/Ti0 IDf~ ASIUME PvPD

11070102 flACK/CUFFEL PRUPIhLE TABULATION 20 FIN01N3, DE~LTA AT PUIRNI 24

*I VP121P PIPD TulTOO TI/MD U/UD hIYD PM(T/RN7D*U/UD

1 .0000*+00 l.nonofoo li 0.45052 0.00000 0.00000 0.05700 0.00000
a 6.150TT0-06 1.00113"00 TIM 0.67"~95 U.60066 0.494100 0.06460 0.73034
3 6.3820"-05 1,00t16"fo0 lip, 0.6890i 9.85652 U.50440 0.689s0 0.79101
II 1.09220-04 1.00184#0'l TIM 0.71511 0.614308 4.58030 0.715J60 0.81931
3 1.3462"-04 I.folq"*oo0 TIM 0.73252 0.71406 0.61110 0.73290 0.434000
6 I.7272"-Qq l."Opo"4110 NM' 0.70690 Q.?3S72 0.63600 0.74730 0.45106
7 &I.Z352-04 1.0021~04o TIM 0.75606 Q.7%i07 Q.651460 0.7Sb80 0.6h264
a d.99721-04 1.0022,80o TIM 0.77287 0.769%7 0.06797 U.77320 0.87519

*9 4.2672*-4fi 1,002304an NM 0.78149 0.78716 0.89600 0.7a180 0.1190211
10 6.60721-04 I.00214"00 NIA 0.79001 0.80401U 'u.711710 0.749010 0.90235
11 9.347V-04 1.100?4"tOO rim U.60042 0.411411 0.13030 0.80070 0.907540
la 1.0027*.O3 l.400/5w*n NM 0.621003 o.82bl0 0.74,%20 0.01030 0.41211
I3 1.9507"-03 I.002b."Oo rIM ObdUJ94 0.133786 0.76460 0.83320 0.91791
10 9.4587"-03 1.oo?6~0+0 14M 0.60295 0.d0086 0.77589 O.69320 0.92007
IS 3.7257"-03 1.00271+00 Tim 0.0641? 0.b6326 0.50260 0.86000 0.92851
18 ll.9967"-03 1.0028i00o NiM n.as809 0.88114 0.02860 0.68010 0193701
17 7.5317"-03 I100111+00 NM 0.909S41 0.91394 0.67110 0.90970 UOS6523
18 1.00179"-02 11.003?2t00 Tim 0.93379 0.93938 0.90780 0.93390 0.97205
19 1,2619",01 1.ooio4"oo 11dM 0.95.2 0,95798 9.9344110 0.154?21 0.94171
20 1.5159*-02 t.0035"+1T0 NIA 0.96605 0.97420 0.9S760 0.46610 0.99120
at l.769q"-02 1.001b"+0I0 11M 0.97137 0.94021 0.97500 0.97700 0.997S0
22 ý.0239*.02 1.00361+00 riM 0.98039 0.09bl0 0.96830 0.980110 1.00396
23 2.53140-Oa 1.6103?"00 TJM 0.99580 1.00000 0.94790 0.Q9580 1.00211

0 20 3.0399*-0? 1.003?"t00 Nm 1.00000 1.00000 1.00000 1.010000 1100000

INPUT VAP-1AdLES YfU/U0PtTM) AIOSUME PsPO
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?;,o 010 s BACKtCUFFEL PROFlILE YARULA1ZON 24 PoINTS, DELTA AT POINT 24

I y P212P )'/PD 7/TWOO M.'140D U/I UD T/1O RJIO/RNODDU/UU)

I U.0O00*0"40 1*fl000"400 NM 0.47597 0.00000 0.00000 0.47700 0.00000
2 b.315)0*-05 l.00sn1'400 NM u.68016 0.70063 0.58650 0.6890 0.85136i
3 7.b200,-0l; I.0003"400 JIM n.69s86 0.75801 0.63171) 0.0.9050 Q.y0958
0 1.0IOM:0'4 1:0::l7:+00 NM 0.71231 0.79523 0.615300 0.71290 0.939000
5 1.2 7 00ll-O 10 a +"00 NP 0.72832 0.79461 0.678'40 0.72bo0 u.93072
6 1.6510"-04 l.O050*+00 tNm 0.73157 0.61L120 0.b9760 0.73410 O.95028
7 41590O".Oj 1.0052,00l Iel4 0.74711 0.53353 o.72010 0.74760 0.961402
a 2.q?10,-00 1.00W55'f00 NM 0.7635b 0.65577 0.74800 0.76400 0.9790b
9 3.uB830"-04 1.00570+110 Jim 0.77360 0.87170 0.76690 0.77400 0.99083

10 L4.9530"-04 1.00611+00 Jim 0.75097 0.69621 0.79420 0.76530 1.01133
It 7.4930".04 1.00641t00o fN 0.80274~ 0.9p010 0.821450 0.80300 1.01677
1a 1.0033P-01 l.00k6bpso0 tim 0.81617 0.93115 0.54300 0.81800 1.01006
13 1.S111-03 1.0067'~o0 NM 0.61910 0."0189 0.66290 0.83930 1.926112
14 2.5271"-41 1.0068"Onl NH 0,86451 0.94721 0.560110 0.016470 1.01862
15 1.797%"-03 l.0069"'.G0 NM 0.88213 0.9f$411 0.844620 0.882a3l 1.01575
to 5.0673'-OS 1.0070*+00 Jim 0.89885s 0.9s93Q 0.909h0 0,89900 1.gI179
17 6.SS731-03 l.0t)?V0',0 Jim 0.91026 0.96390 0.91970 0.91040 1.01012
18 1.6073"-03 t1)0071'+00 101 0.9 0.9206 8) 0.93230 0.92640 1.00583
19 1.0147"-02 t.00?2"t00 14M 0.95011 0.97663 0.9S200 0.9%020 1.00189

*o 20 .e68"-02 1.0073"+00 1NM 0.96813 0.98326 U.96150 0.968P0 0.99920
at 21 ,27'-021I.407"O',u JIM 0.97915 0.96803 0.97770 0.9792U 0.99807
22 2!.0307*-02 l.f0975*+00 Jim 0.99248 0.99402 0.99050 0.99250o 0.99798
41S 2.5387'-02 I.0075'.00 Nim 0.99699 0.99785 U.9971D 0.99850 0.99660

*0 24 1.0467"fl2 l.4076'900 1NM 1.00000 1.0.0000 1.00000 1.000009 1.00000

INPUT VANIAIILLS You/'JoT/7D 4SSUME POOa

72070104 HACK/CUPFFL PRI)FILC TABULATION 27 POINTS# DELTA Al PIJINT 27

1 I y PIP/P P/P0 70TOITA M/lD UIUO Y/TO AM0/RNOD*U/UI)

0 1.1430'-04 l.0080",fl0 HM 0.7122b 0.77980 0.65860 0.7t1330 0.q2331

5 l.3910"-04 1.00430+00 Nm 0.72082 0.74639 0.67b60 V0.2180 0.03736
6 1.6stloi.0 l.0086'*00 JIM 0.72617 0.80932 0.69030 0.72750 0.98867
7 2.15W0-0'4 1.0090.0#0 f)m 0.7500 0.82853 U.71220 0.71690 0.963R?
8 2.ub7I)'-04 l.4Oq3'i.'I0 1M Q.70e79 0.60365 U.72940 0.74750 9.97579
9 S.175D' Wl4 1,40466+f06 NM 0.75066 0.85740 9.74520 0.71500 0.98610
to 3.9370l1-04 t.420+102*U NiM 0.71§386 0.88030 0.76970 0.76050 1.00680

It 5.211711"-0l4 1.0108't00 1114 0076829 0.90845 0.80170 0.771860 1.029MO
12 6.07?0'0-0 I.01,3'*+0 144 0.7q,108 O.9261& 0.82470 0.792q0 1.04011
13 7.140"0-04 1.01170+00 14M 0.80526 0.94201 0.80550 0.80560 1.00953

10 .0257"-03 I'Ml2I'+00 Jim 0.82655 0.99811 0.87120 0.1126110 1.05370
15 l.26417*-03 1.61P36440 lip 0.83930 0.96705 0.88600 0.83940 1.055541
Ilb 1.5367*-03 I.liM11000 JIM 0.84913 0.97257 0.80630 0.84930 1.05534
17 9.0047*-03 1.41250+00 NM 0,66316 0.97725 0.90h00 0.80330 L.051711
18 d.3O67*-Ol l.0I?64+00 tNm 0.67000 0.97861 0.91120 0.874110 1.04644
19 A.152210-011 1O0120"C0 Jim 0.86607 0.98003 0.92300 0.5070LI 1.04059

*20 5.010all-03 1.41?70#00 Jim 0.90M2 0.96184 0.93270 0.40624Q 1003158
it 0.3027"-03 l.01p7"to0 NM 0.91669 0.98319 0.94140 0.91b80 1.02683

*22 7.blW-"03 t.01280+00 Jim 0.93041 0.98639 0.95111, 0.930s0 1.02257
Ps l.0173'-02 I.C0119*+O0 10 0.9sbal0 0.99099 0.96940 0.95640 1.0130
k0 l.73- 1 .01300+00 tmM 0.97476 0.90061 0.96200 0.97080 1.001)9
as 1.5253"-02 1.01310+00 141 0.96598 0.99690 0.96990 0.96600 1.0039b
26 2.03330-00 1.0I13t00o NM 0.99000 1.00000 0.99720 0.99440 1.400M8

0 27 1.5413"-02 1.0131*+Oo NM 1.00000 1.00000 1.00000 1.00000 1.00000

NPOUT VARIABLES YU/IUDT/TD ASSUME FPUPO



7207010S BACIS/CUPFFL PH(IFiE TABULAT~irIN 33 POI1NTS# UELTA Al POINT 33

I PT2/14 P/PO 19/0/L) Il/Mo U /Wnf T;l0 !4hfl/RI4U*U/UD

I U.0000"+00 t.0000"i00 t11 0.444921 0.00000 0.00100U 0.50300 Q.u00000
2 b.3500"-05 )*0o?41"n0o rim 0.08?413 U.O9'343 0.57800 0.b689fl 0.637(12
3 0. 125n"-05 1.U10" #0'0 ~ l 1. aQq?0 0.71,00'l 0.#.6182 0 0 .70 L S0 Q.89551
14 9.39080-O5 l.1 uIS" 00 IVA 0.70ollb 0.77330 0 .b~o GS 0.70870 0.9185d
S L.:938"-04 I.0l6B"f00 NM 0,70990 0.79466 0.67520 0.72190 0.93531

b .3?08*-0I 1.0170"#00 riM 0.72422 0.7089 Q.68o0R 0.72620 0.9366b
7 I.4L47T.I4 ).I?1754oflO NM1 0,7871 0.80963 u.b9??0 0.73060 0.94144.
8 1. 70 to'-00 1. 0 119'. #n " 0.730017 0.1$1593 0.70480 0.74070 u0.9 215
9 1.9536l-00 I.01083"to NM 0.74b2ll 0.82799 0.71610 0.74800 u.9sliss
10 i.4b3A*-04 I.00024+60 lim 0.75800 0.88480 V.7191 0.75'l#i) Q.97301
01 it.9718*O04 )0202*t00 N04 0.766140 0,07077 0.76400 0.7b9MO 0.99247
12 3.4798*-04 1.021004-00 Nit 0.17857 0.61,1839 0.1`8450 u.77980 1.00603
IS 5.9S78*-04 1.0217~*00 14M 0.7866k 0.90,268 0.80090 0.16120 1.01741
lii 4.44551-04 1.0223"t00 1414 0.71442 Q.9)0)5 0.81400 0.79200 0.0abb1
I5S .5118"-O0 1.4?31*+00 NH 0.30920 0.93137 U.03460 0.60300 1.03935
lb 6.7615".04 1.02110+00 NM 0,8116.8 0.9482b 0.M556 0.41'4io 4.050?)
17 lI.05180-04 t.0206"too li4 0.8255) 0.9S93S O.87190 0,826A0 2.05557
to 9.3216*-0o t.020"+400 Nim 0.63018 0.96556 0.8"2)0 0.53460 I.Qsbql
j9 1.09Vr-03 l.0252"AO0 NM 0.541044 0.97040 0.84000 0.80180 2.05821
20 I.MW32'0 t.02504"00 NM 0.6%160 0.97829 0.90)00 0.85190 1.0577%
2) I.8212".03 .102,56"lo0 N4 0.66%,14 0.96012 U.,)1220 0.86620 1.05M)
22 4.32920-03 1.02147*+00 Nip 0.676115 0.98045 0.91fib0 0.67710 1.04732
21 3.09121-43 l.nas7"+00 hN o.686ss 0.98122 0.92370 0.81100 1.04232
a41 3. 15320-03 1.11247"M Nim 0.flfl2b 0.98167 0.93000 0.80750 1.03621
25 1.22~ .02411"l00 lim 0.9)0,6 V.9817al 0.93930 o.92060 1.02701
Z 6 b.30, -03 10'259"0~0 %.M 0.93178 0.9840S 0.95000 0.434!10 1.0)931
2? .,,6121-03 1.02%911#00 NM 0,94589 0.98'.3 0.951150 11.00610 1.01311

. b.9312*'-03 1.02h60's' NM 0.96001 0.96653 U.96070 0.46020 1.00677
?9 1.02030-02 1.0261,600 NM Q.97%03 0.98823 0.974)0 0.97160 1.0025?
30 1.2743'-0? 1.0;A"MoO Nit U0,085 0.99222 0.985)0 0.q6570 U.999311
It 14%253"'02 !.0264"*00 11M 0.99412 u.99479 0.99190 0.09,420 0.99769
12 2.036o3'-02 10O26?*+00 NM O.;V0') 0.99930 Q.90930 1.1110000 0.99910

*0 33 a.a2003'-02 1.0267*+00 N4M 1.00000 1.00000 1.00000 1.il0000 1.00000

INPUT VAOIA1ILLS VvWIi#UT/TD A56UME PvPO

?2070104 BAWKCUrFEL P4(OPTLE TABULATION 41 POINT$* UELTA AT POINT 41

1 v P12/P P/pD TO/TOO MoFMO UlUD T/00 WHo/OHOU.LJ/UO

a 40.3500".05 1.97ke"+00 11M 0.55208 0.30741 0.37470 1.48510 0.05231

3 6.3900"-05 2.0444j'00 riM O.58962 0.56020 0.03950 1.45880 0.29520
4 1.14301-04 1.0)1,04,40 NM1 0.61964 0.412R0 0.49860 1.060)0 U.30162
5 t.3970"-04 3:0947"too Niq 0.60533 0.45194 0.5112S0 1.44009 0.376%9
6 I .65lD"04i0 3.9373'660 1dM 0,bs601 0.48489 9.57330 1,39790 0.4)0)2
? ..65901.04 4.707"@+00 NM 0.67906 0.50737 0.65)60 1.32560 0.)7603

A .67104 S4koto m 0.67907 0.50737 0.65180 1.323880 0.460
9 1.17501-0ld 6.00381+40 NM 0,611600 0.61496 0.67SS0 1.20660 0.59964

10 3.9370'-04 6,611,80+00 NM 0.69654 0.61100 0.70130 1.16050 0.60431
11 4.6" J'-OA 140673"+00 Nu 0.70678 0.10277 0.7)820 1.03960 U.63022
12 S.7150".04 7,34a4400o NM 0.71782 0.68599 0.73070 1.13460 0.60402
13 6.9650*.00 1.440?14+00 tiM 0.72803 0.6930) 0.73990 1.13860 0.bl0983
14 O.MV%-04 7.7V82*+00 NM 0.73M9 0.70623 0.75120 1.13140 0.b6396
15 l.0?".5-*0 8.S601"t00 tim 0.76040 0.l4441 0.?8110 1.10100 0.70900
Itb I.333-03 4.2743"#00 mM 0.77364 0.77651 0.80200 1.06760 0.75105
17 1.50175"-03 t.0035"f0i hit 0.78694 0.80932 0.623*0 1.03406 0.70S67
16 1.5415"-03 1.0679'etll NM o0.0131 0.03"29 0.64)50 1.0)230 0.63111
19 1.09515-03 1.)2?0sfol 1dM 0.811)7 9.86024 0.85560 0.98970 0i.66071~
24 a.b0351-03 11.9305"t1 N~m 0.8290S 0.90207 0.5860a 0.9s2)0 0.92006
it 3.)111s"-03 1.33241#00 NM 0.64sa3 0.93850 0.90990 0.92140 u.91775
at $.6195M-03 1.0.,%1'00I I'm 0.85909 0.96473 0.91670 0.90290 1.01526
23 4.12750-03 1.44513'+Ol h! 01601739 0.97605 0.92520 0.69320 1.03563
24 'A.l035".0) 1.09"*fO00 NM 0.58577 9.94463 0.93960 0.89240 1.05269
2% 6.913s*'03 I.S219"+O1 14M 0.69197 1.00542 0.94600 0.66530 1.0665.
26 7.6635"-03 !*s~tot6*0 NM 0.90400 1.0121.Z 0.9q430 0,68900 1.07305
21 1.0022'-02 1.6104"+61 NO' 0.92344 1.00879 0.96640 0.69960 1.07404
al6 I.MV0-02 ).4733"+01 NM 0.93703 1.02276 0.97460 0.00000 1.0731S
29 1106111-02 1.61741+01 rim 0.94335 1.03744 U.96200 0.841590 1.096)0
30 l.3740*-02l ).543'*00 tip 0.95178 1.0546 0.99300 0.91690 1.06976
31 1.5304"-02 1.5426'*01 Nip 0.96046 1.02S90 0.96760 0.927)0 1.05047
32 1.6624"-Oa 1.5940+'41 PiM 0.96701 0.02992 Q.99210 0.92740 l.Qb919
33 1.66064-92 1.96t140+01 rim 0.97572 1.01516l 0.99520 0.90240 1.05603
34 2l.24115.02 1.57W+'01 i~M 0.96363 1.04473 0.90920 0.05060 1.05090

IS i.4915*-02 t.5516l".00 11M 0.99301 1.01702 1.00160 0.96990 1.03266
lb 2.641170-02 1.56451+01 NIA 0011593 0.01963 1.003110 0.96930 1.031602

*37 a.6512"-02 1051956#01 ON4 0.99600 1.00459 0.94940 0.96970 1.00950
16 8.9702*-02 1.11641+01 NM 0.996116 1.0035a 0.99950 0.99200 1.00756
1 9 1.079yo'0l 0.4624'll11 NM 0.99703 Q.99)84 v.99600 1.00400 0.96770
40 3.2630.02l 1.47194.01 NM 0.99647 0.96690 0.99560 1.00400 0.9620S

*I0 014L 150 I.5961,401 NN 1.080000 1.00000 1.000011 1.00000 1.00000

*INPUT VAIIIABUS VU/UD#T/TO AS6UMC[ FuPO



7207-D-I

SECTION 0: ADDITIONAL DATA

WALL TEIPERATURE, PRESSURE, AND HEAT FLUX
AUTHORS UNITS

X, RZ - Inches. TW -OR Q/A - BTU/in 2sec, PO • 150.0 psia TO . 1500OR

Normalised average data, five runs. Brackets mark an InterpolAted value.

X -RZ TW PW/PO MD Q/AAXIAL
in In OR- BTU/in2s"

- 39.97 2.50S 710 .99740 ,06100 .1370
- 38.95 2.500 706 .99740 .06098 .1258
- 38.00 2.500 707 .99740 .06096 .1180
- 37.06 2.500 709 .99740 .06095 .1121
- 36.09 2.500 70b .99740 .06095 .1179

- 36.11 2.500 705 .99741 .06093 .1199
- 33,85 2.600 705 .99741 .06091 .1167
- 32,33 2,500 704 .99741 .06089 .1070
- 30.85 2.500 703 .99741 .06088 .1021
- 29.39 2.500 702 .99739 .06114 .1004

- 27,93 2.500 701 .99737 .06141 .1009
- 26,47 2,500 705 .99734 .06167 .0966
- 24,99 2.500 706 .99732 .06193 .1027
- 23.50 2,500 705 .99730 .06219 .0985
- 21.73 2.500 696 .99727 .0624 ,0946

- 19.71 2.500 698 .99724 .06284 .0894
- 17,73 2,500 699 .99724 .06289 .0880S- 15.76 2.500 697 .99723 .06295 .0879
- 13.80 2.500 697 .99723 .06301 .0898
- 11.83 2.500 699 .99722 .06306 .0897

- 9.86 2.600 698 .99722 .06312 .0903
- 7.88 2.500 702 .99721 .06318 .0944
- 5.89 2.500 699 .99720 .06326 .0927
. 4.35 2.600 691 .99720 .06328 .0993
- 3.32 2.600 691 .99720 .06331 .0885

2.36 2.500 691 .99720 .06336 .0903
- 1.41 2.500 692 .99719 .06338 .0844
- 0246 2.500 691 .99719 .06344 .0860

0.00 2.600 (691) .9972 .06346 (.0904)
0.564 2.600 692 .9972 .06349 .0946

1.626 2.500 690 .9972 .06335 .0964
2.309 2,497 683 .9973 .06194 .1073
2.612 2.477 676 .9973 .06180 .0762
2.885 2.429 692 .9971 .06443 .0882
3.161 2.380 688 .9969 .06715 .0810

3.436 2.332 690 .9965 .07062 .0894
3.563 2.310 (691) (.0945)
3.943 2.242 692 .9959 .07693 .0996
4.692 2.110 698 .9947 .00731 .11296.441 1.978 703 .9933 .09825 .1219

6.810 1.910 (707) (.1335)
6.189 1.846 711 .9912 .11263 .1461
6.937 1.714 718 .9884 .12917 .1640
7.310 1.649 (724) (.1694)
7.681 1.583 730 .9838 .15290 .1749

8.426 1.462 739 .9773 118125 .1928
8.811 1.384 (743) (.2129)
9.176 1.320 747 .9674 .21818 .2330
9.923 1.188 760 .9491 .2741 .2591

10.667 1.066 789 .9215 .3438 .3001



7207-1)-2

SECTION 0 (CONT.): ADDITIONAL DATA
WALL TEMPERATURE, PRESSURE, AND HEAT FLUX

AUTHORS UNITS

2X, RZ - inches. T", - OR Q/A - BTU/1n sec, PO • 1FO.O psi& TO - 1500°R

Normalised average data, five runs. Brackets mark an interpolated value.

X - RZ Tw PW/PO mo Q/A
AXIAL BTU

in In OR - U/n250c.

11.189 0.966 812 .8780 .4351 .3088
11.465 0.916 834 .8403 .5048 .3309
11.741 0.867 842 .7897 .5907 .3469
12.032 0.816 810 .6605 .7931 .3732
12.336 0.795 806 .4807 1.0789 .3353

12,646 0.821 780 .2984 1.4366 .2996
12.933 0.872 783 .2554 1.5442 .2716
13.460 0.963 776 .1783 1.784 .2076
14.196 1.095 741 .1161 2.062 .1660
14.931 1.225 730 .0731 2.357 .1217

15.657 1.353 720 .0601 2.600 .0984
16.393 1,483 707 .0364 2.808 .0716
17.130 1.514 693 .0276 2,990 .0642
17.866 1.744 665 .0250 3.0.7 ,0586
18.560 1.866 672 .0211 3.171 .0484

19.015 1,949 666 .0187 3.254
19.316 2.004 660 .0171 3.315 .0472
19.752 2,084 658 .0152 3.395 .0428
20.294 2.184 6656 .0144 3.435 .0380
20.789 2.274 (649) (.0362)

20.830 2.282 649 .0120 3,563 .036221.369 2.380 647 .0104 3,662 .0316

iI



7208-A-1

xisymmetric : 6 faling to 4.6 7208
R THETA X 10-3 :96-140

APG - MHT

Blow-down axisyumetrical tunnel with contoured nozzle. 0 - 0.3048 m.
P0 : 13.4 MN/m2 , TO : 460 K, Air. RE/m X 10- 124.

ZAKKAY V. and WANG C.-R., 1972. Turbulent boundary layer In an adverse pressure gradient without
ffect of wall curvature. NASA CR 11-2247,

I The test boundary layer was formed on an axi-symmetric centre body. This started with a small diameter
section passing through the throat and having a streamlined nose. The nose section was faired into a
parallel sided section 116.5 mm in diameter. The test region started at 0.1554 m downstream of the throat.
(X - 0). A contoured compression sleeve was fitted Inside the tunnel teat section, and formed a compression

4 which was focused onto the contre body. The static pressure then Increased approximately linearly from
X a 0 to X * 120 mm, then rather more rapidly before reaching a maximm at about X - 19(1 mm, and then

6 falling. The pressure increased, overall, by a factor of about seven. The cylindrical portion of the model
was equipped with pressure taps and theimcouples at approximately 10 mm [El intervals. Heat transfer was
determined using the transient thin-wall technique,

7 A combined, triple, probe was used to measure Pitot, TO and static pressure profiles. The FPP was made from
flattened 1 ms tube so that at the tip [El hI - n.Z5, h2 w 0.05 mm. The TTP was an "unshielded" open tip
chromel-alumel thermocouple about (El 1 mm in diameter. The SPP "had a conical tip faired into" a 1 mm
diameter tube. The available sketch suqgests that [El the effective slender lenqth of the probes was of

8 the order of 10 mm. The SPP was mounted in the centre, with the FPP and the TTP 3.2 mm to either •ide.

9 No details are given of reduction or interpolation procedures. Thr ntaqral data, presented graphically,
10 uses a pressure-based reference flow, No profile corrections are reportvd, nor is the viscosity law used.11

12 The editors present the eight profiles measured. These are given In the source directly &I measured by the
SPP, the TPP and the TTP. We have reduced the data assuming the test gas to be air. The heat transfer data
given has been scaled from the original q,'tphical presentation. We have selected a f-state on the basis

of the computed PO values.

13 The eight profiles form a sequence, with the first five showin: the development from a near-constant-
pressure region throuqh the compression, and the last three describing a region in which, again, the flow

14 Is not varying rapidly. Heat transfer values appropriate to the profiles have been Interpolated by the
editors.

DATA 7208 0101-0108. Pitot, TO and P profiles obtained simultaneously. NX - 8. Heat transfer data from
the transient technique.

15 Editorl' comments

The experiment describes a very Inti'resting and difficult flow case. Unfortunately the date Is not of
particularly good quality, and is very badly reported. Much of the description obove has required considerable
imagination on the part of the edito %. New and more careful date of this type would be valuable.

The flow undergoes a very strong reflected-wave compression, and streamline curvature is quite marked at
relatively small distances from the straight wall, -o that there are Urge normal pressure gradients.
Nence SW has been arLitrarily set at 0.5. There will also be a "focusing" of the compression wave as the
waves approach the axis, in contrast to the other reflected wave compression experiments (Peaks at al. -

CAT 7102, Lewis et al. - CAT 7201) in which the compression Is radiated out from a contrebody. Effects
of transveree curvature are likely to be significant, as V/RZ is of order 0.2.

There are relatively few data points in each profile, and, it half the caseS, measurements do not extend
within the momentum deficit peak.



7208-H-1

CAT 7JI10 ZAKKAV BOUNDARY CONDITTON3 ANI) EVALUATED DATA. 01 UNI15.

MDT '.0* W/TR RMD.1' Cr H12 HI2K . PDli
x Po(D Ph/PD RL20~C CO * '.3 HS2Y 71%* TD)
Pt 7OD* sM * 02 PIZ Ml42 IOlY sA TR

7A000101 b.0000 0.7190 1.7962,+04 ýIIA 14.7096 1.4747 9,20a00"01 8,6O00.Os.
Nmd$.o I.35731tI'7 1.04398 q.3303*.0'I b.6.89'-0 I,8608 1.815" 2.94s00"902 5,S4678"tO1
S.fi1.O 4 .5000*402 I.5000 6.7331.O-04 NC 0.1tal 1,6047"-03 6.9107"002 4.0491"+02

7905010a S.hooq a.7098 a.58zo'too Nt' 6.1241 1.5046 1.65O0"0.4i1 1741, :49

5.2SOI-01 's.5'Joo".oa n.5000 6.14234-04 tic 0427641.6332"-03 6.6815"+01 4.M49'040

7908010) S.3500 0.1192 ?.67740".0 NM 9.9820 195606 l,200*0'1o 1.5800.o0a
6.90sO'.ol I.1010o.07 1.3%la 1.0146*tOS 9,1510".0b l.803 1.1780 a,90"0OR 611066"+01
5.6250"-92 4:-11040402 O1 .S000 6.773l'O04 NC O.21921 1.4%22"-03 4.78606*02 4l.11070+09

7l0ORAs1V a.4#ooo tTl00S 1,27?4,0#0 Nm S02605 i05sna a.93000+o0 I'lloo*+0o
* o)600-01 a.0212"406 106369 I.QS23*+OS 21l-' 1.6136 1*7717 2.9400".ul 7.9I14#01

* 4to~o .S'QO"4n2 o9SOCO 6.06 *004 Ne O*R86i 1.s4410.*3 807342"42 4~.1944*#01

*isoo 71510 '.5000 0.7019 3.3385"+04 NM 346612 1.1659 3.3500,0 1,q3uo.#0o
1.33'400-O1 S.0o1+,6 I7513 1.0404"+65 I.5601'..0 lob63 1,7981 2.9410*0 S16b%"*UI

1,6100l Sb.60,0 01000 .SO1370-0 tic 0.2674 l1fl99I0-3 S8.67l2g .16'0

72060106 'i.6000 0,6133 1.97614#04 No 2,4959 1.6375 4,9000P.00 a,68000404
* ,t6D6*@1l S.7791"s06 101672 1.00130#051 .3900~-05 168467 106211 1,9400-"401 86.6090.01

S.61501-02 4.6300"#01 0.5000 6.92600-04 NC 0.3661 9.451591.0" 6.6761"*'l 4.ld60I'.01

78060107 4.6000 0.70133 4.47740.Og 14 3.7044 106421 5141000'404 1.17000,04
1.90510.01 1.0 to?07 I7066 1.l1614+0S 1.2%860-05 1.6l'4o 1.,1 l9 00. 584009".0l5.62S90'0i 4.1,00,01.02 0.100 7.4351'-04 NC 0.3004 L108,10-.03 a.100 '.lM0

7iosoloo 4.6000 0.7409 4.371"0+04 NM 0.119a 194183 4.83004*04 1.46000+04
l1:6'40-J S..80210 .Soa l.717e61 Nm 1:4491 109144 2.9400"~02 6,75184+0111 c0'-a 0.10oo"sn 0.5000 6.66364-04 NC Q.5645 9,6091*Oit *.6991"401 4,19447"#02

INAPEZ04DAL RULK FOR RUN 0106

EVALUAM)T DATA - PAMS8URT BASED RgFEPENCt FL0y

RUN pa00 HIM20 IIIRPD HaPO REHMP~) "twaumr DITAh
0 1pvf11 IIIpil m~apyl H~aiPS REDIPWD REDlPMvi

la7100010 6.6l?77.04 14.0432 14616 0.1110 6.1470"100 1,t100 9,560-d"03

5..361"-04 14.1508 1.8660 0.2161S 9.17?6*Q04 i.21543"+0

71050103 S.7561*-06 13"1 47 1.11159 0.ib$$ 4.6312"+00 4,7271*+04 7.47499-03
4.5155'.04 14.0:31 1.4317 0.2666 4.70270#04 4.2460"+44

110S0104 7.96041.04 is.1417 1,6657 0.1016 4,7037"404 3.0175-+41 I.I51SAN.02
4.9369"-04 5S.615i %.SAO$ 0.204% 9.7691"m0 3.Qs37,0#04

72060101 8.09360.04 13051154 1.0965 0. 12 .64W+04 3,1656w#94 9.4067"-03
4.0963"-04i 13.9729 1.5916: 0.1721a 4.6174"+~04 1.1695"#0O

laGOSIOS 5.69907*004 13s46SS1*6712~ 0.2952 IS.39l't40 2.9604$'U4 6.QS03-
3.S0670-04 13.6579 1,6940 0,2q39 S.6064"*04 Z.06647*4U'

72060107 7.0?jSV.04 9.21166 1.6476 0.2061 )1 61~0 .6A40 6'6
II.1679*04 9,3974 1.6511 0,17 1.660 t I o.2774?"U0

71080105 6.1@07~0.0 l389 16 o'."" S.97 04* ).0S2?04 7.MO2P"-03
3.1956.00 10.0-133 1.91213 0.3 03 l1lo3'.VN0 3.1O3A12"+04



7208-C-1

7206010d ZAKKAY PROFILE TABULATION 20 POINTS, UJLLIA AT PjINT 20

*I y PT2/P 1'/po TO/TOO f1/lin U/11 T/ C'ic 11oO/Ri0VUu/UQ

I 0.0000"t00 I.0000"+00 1.4110261 0.6'1615 0.000001 0.00fl00 5.41236 U.01'000
a 1 .30001-01 5.04161"+00 1.410(211 0.81632 u.S3575 to.1176 wa , I,13u~b if.2 S511&I
1 2.6000"-03 ib.2I82"100 1.30'1162 0.96909 0.37675 0.72056 3A7?3fi '1.27199
'I 1.9000"-03 6.5667"+00 1.2g060 0.9231)6 0.441755 0.14

0
4)5 3.1?1)16 0.32696

5 5.2O0001-3 1.06S3"o0i 0.017 1.911066 0.50f206 v.41334'3 2.7551.6 ,J.32A29
11 6.5000"-03 1.4195"+01 1.059113 U.qSl65 0.56307 0.67AQ7 2.V27211 n.40093
17 .8000".01 I.541311",O1 1,23932 0.961484 0.60174 O.M9bli e.16,161 U.51091

9 .19000-03 1.9079u,0i 1.23932 0.96002 0.67891 UIfl741 I.Ait'ii S9
L.b900*-02 ?.253090020238 (4191 9.3I 091S IW6 0.41

10 1.17001-012 .51101+01 1, 17q49 1 1.00000 0.93174 U.973%9 1.13444b 0 .0Ulo
II. 1.9500'.112 3.45611'*0 1.145130 k.00000 0.

9
1359 0.98M11 1 l.022A 11.4606

13IS .Sbuo-op 3663905'.0 1.065510 1.00000 0.94669 0.9951%i 1."101" l.u0712

17 2.31100"-04 S.9601'i0I I.25949 1.00000 0.410642 0.99.411 L611172 1.90289

0 a0 2.I41010-O? Il.O8410+01 1.00000 1.P0000 4.00000 1.0nn00 1.00000 1.00(10(1

* 1lPUVARIA,,L1L Y'P'10,14

720601011 ZAKKJAY PkQPILE TAOULATION 20 POUINT$, PELTA AT PUl.? 20

v 0121P P/P0 70/100 i/lID U/1l1) 0/10 AHV~l/.OI*UfUL)

1.'w').fl ¶.00"00 1.113667 0.611052 .0600000 0.000110 11.99167 U.Q1)0010
2 1.3000'-.03 3.0I5I0000 4,63667 0.&71416 0.127011 0.b'169 3.053Ao1 o.2699i
I 2.'n110"%jl 5*0430"fl0 1,614S3 0.89760 0.30307 Y.71753 3,419717 U.33121
4 3.9nw0-l1 6.1%2050#00 1,53611 0.91175 0.44143 0.77727 3.u91179 U.19654

5 %.anuol-0C 9.13I'101"o eiS 0990 0543 08lM 24b7 (.01

II 6.5900.03 l01591"Ok~ .1024%1 0.90000 0.59169 0.99)93#121.151921 1.17311
17 l.910P'-u 1,TI113 40llu 1,16903 .0076210i.10269 0.91'97 1.735915 1.07139

9S l.%0I001-U2 P.ISI9*+D 1.1070a 1.000000 0.95029 0.993M1 1.04950 1.07304
10 1.11900'-O? 1.81645"40A 1,1654? L.000c0 0.902S4 0.1943l 1.4079u 1.134191
115 l,20'0? 1656.+14* 1063191 1.00000 0.95502 0.14112 1.0750.3 1.91360
Ii1 .20S0A':02 1 3014401 1209000 "00040o o.9829b0 .96970 1.1)356% u.071739
13 100 a025737910+301 1010324 1400000 0.99004 0.9431o 1.04"11 .019950
19 1.694]0.0p. 1,8611"9nl 1.11732 1.00900 0.4556%1 1.0001)9 0.991160 .0.9615

0o 10 .21'00" u2 3.1031+~01 0.90034 1.00000 1.00,95?01.001)0 1.00000 1)00.977

INPUT VA
tm

IAIILLS YPTO,(i

U010601081 ZAKKAY PROFILE TABULATION1 21) POINTSP IIELA Al PUINT It

I y PTP/P P/Pr' Toiloo Ilip U/kuo Tf I lirU/
11

1IOL /U IU

a I.)OUD ..01 7.11605'.00 0.72366 0.91d111 0,511116 0.741 "3 2.18771 40.571J61)
3 it.600003 0,17o0,0"0 1700731 0692%711 0.531142 l0.6(166 .316441 Ll.bi'110

1 .900n*-03 j.1509'shux 1.40631 0093490 0.631171 0.86914 1.6%157 0.756191
IS .8000"-O3 1.1)0145*'0 1.56.116 0.9%b02 0,70541 0.947V7 1.05171 (1.4608961
11 b.%000".ull l1461io"0'.0 1.55597 0.96175 0061324 fi.91059 1.116636 V.417-(40

7 .600u"-03 109611+0.f1 1.51110 0.96906 V.#1931 IJ.46pin10 .31345 i.121139
11 9.1000-0o3 2.2147"+0l 14521W4 0.99761 0.68406 0.97602 1.2012.6 0.117116
q 1.04OV-01 1.31193"*fli 1,419254 1:00000 o.92332 u.9461621 1.2902?

It 1.0".2 .427M 16505 1,00000 0.94170 Q.90973s 1.104611 1.a(02?

Ia12 j n*9301. 2*5239'+0l 1.2110l 11060000 0.955% V.99015 IO14021 1.112111
13 1.511600"-02 lmop13'*0 14130110 1.000no00 911714 0.99515 1A0655t 1.03113

1 i 4. 00011"-0a 2.11540'1.0 1.067111 1.00000 0.97866 U qqbqi!( 0.n31111 1 .110.%7?
0 15 1.6?Ofl'.02 2.77100+'01 1,00000 1.00000 1.000000 10fo 1.1001100 1.1)0000 l.Tl"
161 .9100"-01 1,?e11"+00 0.951119 1,00000 1.00049 1.00111 0.99635 v.95M2
I? 2.68S000-02 2,6%56*101 0.56604 1.100009 1.01542 1.00)217 Q.47418 (1.11339
16 A.d2100.01 2.93119-+Ol 0,61096 1.0100U0 14049641 1.001117 0.952006 11.66121
19 9.31100.02 340q070+01 0.74147 1.00000 14011130 1.00"111 0.4341i11 0.100403
20 &.4709".02 l.994l,401 0,06184 1.00000 I.0905 1.00830 0.39331 0#734161

INOUT VA101AhLKS V.PTo,



7209-A-I

M,: 7. - 7.8 7209
A6-R THETA x 10- 3 6 - 10

TW/TR : 0.8 (Recovery)

M.HT

Blow-down tunnel with axi-syvmietrlc contoured nozzle.n - 0.53 in.

Air, PO : 14 MN/m2 . TO : 840 K, RE/m X 10'6 : 20,

STONE O.R. and CARY A.M. 1972. Discrete sonic Jets used as boundary-layer trips at Mach number of
6 and 8.5. NASA TN 0 6802.
And Morrisette, Stone and Cary, (1968). Stone, (1971), Morrlsette E.L., private coemuinication.

I The test boundary layer was formed on the surface of a flat-plate model (L - 0.521. W - 0.279 m) with a
leading edge (X v 0) 0.03 mm thick and chamfered at 150 on the underside. From X - 38 me back the working
surface consisted of a removable plate. Two were used. one for heat transfer studies, and the other for

3 the profile studies reported here. At X a 25 mm, a row of 17 jet orifices was drilled. These were spaced
symmetrically about the centrallne at Intervals of 6.4 mm, and converqed from a supply pipe diameter
of 2.3 mm to a parallel sided outlet 0.8 mm long and 0.4 em in diameter at the test surface. (A second
such row at X w 76 mm could be employed on the heat transfer model.) When employed, the discharqe through
the jets was at a constant value, 2.5, of a "mass flow parameter" X where I w PoJ Yj / P. Mý- y.
The boundary layer could also be tripped by spherical balls of 1.5 mm diameter at X 1 12.7 mi, or of
3.0 mm diameter at X • 26.4 mi. The balls were distributed symnetrically at intervals of 50.8 and 12,0 mm
respectively, and spanned the full width of the plate. The test plates were provided with sharp, swept
side plates. Surface oil flow patterns were observed, but two-dimensionality in the region of profile
measurements is not reported. An oil pattern published by Morrisette at al. (1968) in a not dissimilar
case shows stronq three dimensional effects in the imiediete vicinity of the trips, but little or no
large-scale divergence far downstream.

6 The central 19 mm of the heat transfer plate was reduced in thickness from 3.18 mm to 0.8 mm and instrumented
with 95 thermocouples to allow heat-flux determination by the thin wall transient technique. These

3 measurements showed that the mass flow, at X i 1,0 was sufficient to cause transition as defined by a local
peak heat flux, at X a 127 me. The mass flow was such that any further increase would not cause transition
to move further forward. (For these tests, however, TW/TP was about 0.45).

6 The pressure plate, also used for profile measurements, had three rows of static holes (d a 2.3 nn) in the
central 40 me of the plate. The total number was 36, the greater number providing a very close grid for X
lass than 200 mm. The largest interval downstream was less than 50 mm. The plate also had three thermo-
couples mounted 18 l off the centre line at X - 168, 280 and 485 msi.

7 Pitot and TO profiles were measured at two stations for which X % 0.279 and 0.455 mm. The Pitot probe was
8 an FPP for which hI - 0.25. h2 - 0.18, b1 - 2.03, b2 - 1.42 msm. The TO probe was an STP with a constar.t

di of 1.9 m. The interior of the probe tip was chamfered so as to give a sharp leading edge. The thermo-
couple was mounted 0.8 imi back from the probe face and there wore two vent-holes (d - 0.04 me) 3.6 mi back.
The probe was calibrated over a wide range of Peynolds number at M • 3.6 and 8.6, and \found to have a
probe recovery factor near to one, which value was assumed for all subsequent work.

9 The authors have interpolated TO profile measurements to the Y values of the Pitot profiles, and extrapolated
the TO profile at low values of V so as to match the wall temperature. Static pressure has been assumed

10 constant through the layer. No probe corrections have been applied. and Sutherland's viscosity law was used.
11
12 All profiles tabulated by the authors have been presented, incorporating the authors' procedures. While a
13 great deal of heat transfer data was obtained, it is only presented as small scale graphs 4nd is not
14 reproduced here. The profiles consist of a single reference profile taken with natural transition, and

three pairs for the jet trip (0201/2), the smell ball trip (U301/2) and the large ball trip (0401/2),



7209-A-2/B.l

§ DATA: 7209 0101 0402. Pitot and TO profiles obtained separately. NX - 2.

16 Editors' comhents

The interest of this experiment lies In the effect of the relatively brutal tripping devices used. The
reference case, 0101, is turbulent but still markedly transitional, while the downstream tripped profiles

are relatively well developed and fully turbulent In character. We find less distortion introduced by the
trips than is reported by the authors. and in general the interesting result is that the trips, et least at

the downstream station of the two, do not seem to leave any special mark on the mean profile characteristics.
On a transformed log-law plot, no effect can be seen which could not be accounted for by the general

experimental scatter. Tests In the same range with no trip, or modest trips, are described by Oanberg -
CAT 6702 and Keener & Hopkins - CAT 7204. Abruptly disturbed flows, but in different experimental ranges,
are the step flow of Moore - CAT 5805 and the flow over a rectangular cross-section protrusion described

by Peake at 0l. - CAT 7102.

CAT ?U09 STONE BOUNDARY CONDITIONS AND EVALUATED DATA. S1 UNITS.

RUN ND * TW/TA RED20 CF "12 H12K PM PC
X * PO0* PW/PD* RE020 CO HU32 H32K 10 TO
Rl TOD* SW * 02 P11* m142 01K UO TR

72090101 7.6240 0.8054 q.6805040 NM 140.431 1.0544 1.6038"#03 1.0386+03
4.5500-l0 1.33101t#0? 1.0000 6.S6094+03 NM 1.6907 1.6040 6.0642"+U2 oa ib|"+Do
INFINITE 8.33o000o0 0.0000 2.6639"-O4 0.0000, 00 0,61173 .S647'-oO 1.4a410+o3 7.5•92.ul

7U040201 7,7400 0.7469 1.10461+03 NM 14.4141 1.3664 1.749S'#U3 1.749S"03
2.700'-01 1.37904#07 1.0080 6.%671"M03 NM 1.874* 1.0006 5.7139'"02 6.S0I56+01
INFINITE 6.44004f01 0.0000 2,7702"'-0 0.00001+O0 0.0961 7.1603'-0a 1.1513'403 7.629Q9402

7109020 7.7600 0.7666 I.S120003 NM 1.11466 1,3593 1.68360o#3 1.6836"+03
4.SguO'-Ot 1.37204+07 1.0000 9.5290+03 NM 1.6712 1.8067 S.77270+02 6.3606+4)1INFINITE 8.3000402 0.0000 3440260-n4 0,00000400 0.7526 1,0798"-U0 1.2436"t03 7.52980+o2

720qO301 7.5500 0.7740 1.3079"+03 NM 17.0201 1.4M08 2.uS.17't3 a.05370+03
1.7900O-1 t.37q0"+07 1.0000 8.0926'#03 NN 1.6001 1.7912 1.0310'402 o.7l75tu÷0
INFINIIE 6.33000+02 0.0000 2.951,0-04 .0000000 0.6801 B.7667"-U4 1.4407"+03 7.b335',uI

72090302 7.6000 0.0076 1.4364't03 NM 17.9676 i.3660 1,.8600+03 1.6604e03
405500"0l 1.3&a0.07 1.0000 4.69730903 NM 1.6694 1.6021 b.102*,+0• b.3467"+41
INFINITE 4.36000+02 0.0000 3.6722"-04 O.00000#00 0.6714 1.1387"-U3 1.24610+03 7.55660'02

72O90Cu! ?.5400 0.7740 1.*033"*03 NM 21.1472 1,0313 2.0712"÷u3 2.07112"03
2.79000-01 %.379qO*O7 1.0000 4.90874,03 NM I.O556 1.7672 5.0310102 6.73390#01
INFINITE $.3300toa 0.0000 3.2377*-0 0.00000+00 0.3157 1.0250'-03 1.24O0S"u3 7.5317$402

71090402 7.6700 0.7967 1.1245"+03 NP 40.152$ 1.530% 1.5663"+03 1.56630+03
4.5SOO-O1 1.37506+07 1.0000 A.992O4+03 NM 1,6*3 1.7560 0.Q80*+02 6.270•6*40
INFINITE S.4000**02 0.0000 .721330-04 0.0000"+00 OS65 1.26411-03 1.2499u+3 7.5917T40•



7209-C-1

72090101 STO'IIE PHOnFILE TARULATIONI 25 VOINIS, DFL1A AT PUINT iS

I y PT?/P I'/ID T0/Ynf)I VAD U/UL( T/10 (4rfl)/RH0L*U/Ul)

I O.U')00"+00 l1fl000"*00 NM11 0.?,?800 ().0000( o.uonDA 9.,3179 0.0D000
2 1 .L0000"-04 ?.37,17"efl0 y" 0.81972 V. I%200 0J.'4lJe0 8.ass565 0.052?7
S 1 .q000'-,)a 2.613,4." N'0 tm 0.81797 0.16.400 0.60301. 8. 14331 0.05747
'4 2.0000'-04 2.03"4) )1 0.519"1 U.16qoq 0 V.10500 a.23¶6 4.05(169
5 S.800on'-0 -5.73Al7'40U NMA 0.853963 0.41800 (1.01600) t.26939 0.10304
(A 7.7nOO"-04 1.27W7+01"1 1 u .1)949 1 0.39500 U . 7'17111 '4.0712o 0.19577
7 I.12001-03 l.htl)q"tp1 HM 0.416mr5 0.45'400 j.83q00 3.41517 0.2'J5NP

1 .5200"-03 1.9111j"+01 NM 0.91300 U.40700 0.ijs700 3.&.0971 j.2767-i
95 1.8601'"-03 2. 1354')t') NH 0.9253q 0.51500 V.87000 2.8S360 0.104818
t0 2.l400(1"-03 ?.5214b"+01 NM 0.92031) 0.56180 0.88900 d~.51118 u.35'402
11 5.0500"-03 ?.91901#01 NM 0.92~47(h 0.60400 0.91)NOC0 2.A14068 0.4035b
12 3.4700*-03 3.2616~**0 NM 0.927qh 0.64100 U.91500 2.0)376s 0.14490S
11 4.1000"-03 3.76?5*+O1 NM 0.934fl1 0.65700 Q.9?800 1.815R66 0.50859
14 41.5080V-03 I4,08291+01 fNM 0.9s?04 04.71600 0.93500 1.705a9 (1.50480
15 5.0800"-03 'a.5584+Ol NM 0.9as331 0.75700 0.914500 1.55837 0.60644))
lb 5.5600'-01 q.094I*+01 NM1 0,948,54 0.80100 0.9540V 1.1418%1 01.0254
IT b.a220"-03 5.72t6"#OI fNM 0.915650 0.81491) 0.9h400 1.28905 V.744772
1o o.9900*-03 6'41)064441 tNM 0.96569 0.89900 0.,91~400 1.17391 0.82974
19 7.5100"-03 b.8M04W0l NM 0.97390 u.92900 0.981)0V 1.11508 v,87916
20 8.1700*-03 7.?724*+OI NM 0.98276 0.95600 0.98010) 1.06361 0.92891
a1 8.6700*-03 7.5.46s*+Ql y4 0.9877? 0.97600 0.99200 1.0130b 0.9602b
22 9.13000-03 7.6855."01 NMl 0.99432 0.9a500 0.996(%0 1.0224b6 0.0741?
?3 9.B900*-03 7.8414144tO NM D.99676 0.99500 0.998100 1,0060W4 0.99201
24 1.05501-02 7.9042'e01 NMH 0.984165 0.999110 0.99900 l.DooOO U.99900

1) 25 1.1100*-02 ?7,0199+0I N~m 1.04000 1.00000 1.000110 1.00oOul 1.00(000

INIPUT VARIABILES YFM/WDUlU0 ASSUME PXPO

72090202 STONE PROFILE TASY'LATIOIJ 27 POINTS# DIELTA AT POINT 27

I vP7R/P P/PO To/TOO M0M10 IUI) T70T MRHO/RMCHOI.I.UI

I v.n000"+00 190flQ'$fl0 NM 0.b9300 0.00000 0.000(U) 9.08.e24 0.00004)
2 1.8001*-0M I.qoIo*+00 NM 0.79549 0.12900 0.38000 8.67736 0.044379
3 9.80001-041 ?.,111'7"400 N14 0.81915 0.15500 o.441700 8.31671 0.u5375
'4 b.8000'-044 5.8351~4+00 NM 10.85726 0.2ha00 V.6'49~nf 6.11602 u.10V77
s 110204~-03 q,15389'+0l0 N~M 0.86983 0.34100 0.744200 44.734471 4.1S671
6 1.5200"-03 t.t8'46"+0I N-M 0.06236 0,311200 0.78100 '4.17999 0.18b84
7 2,06004.03 1.3700""11 NIA 0.38656 0.441200 0.8()340 3.79871 U.21134
11 2.44U00-03 1.%353"e01 rim' 0.89628 0.143700 0.82300 3.134680 0.23204
9 3.45001-03 t.057'41+01 NM U.90670 0.48200 0.45lfl(1 3.11720 U.27340

10 '4.0600*-1)3 2.17q3"tOl Nm 0,91950 0.52azo 0.674400 4.8.0339 0.31177
11 '4.6700"-03 2.5169'4+0I NM 0.92857 0.56300 0.59300 a2.51580 0.351495
12! h.2600*-03 2.014241+'01 NM 0.9327b 0.59900 u.90600 .2.26772 0.39601
13 5.77W0-03 3.14951+0l NM 0.93747 0.631110 0.91700 4111193 0.1434420
14 6.01500*-51 3.b076".0I tNM 0.94332 0.67600 0.93000 1.89a6b V.49137
15 7.11400"-03 3.99721+01 NM 0.94716 0.71200 u.93900 1.73N24 0.53468

16 1.59004-03 4.2795"+0l flM 0.95033 0.73700 0.944300 1,644410 0.57(478
17 4.3S0114-03 4.6121"401 tNM 0.9S421 0.711200 0.9S4400 1.448828 0.61410
18 9,1700"-03 5.3893"'+t Nim 0.9s982 u.82800 0.963,10 1.3sibi 0.7119S
19 9.76001-03 S.6102"+n1 NM 0.96618 0.56000 v.970010 1.a2il7 0.762417
20 l.0390'-02 6.214710+01 NM U.91323 0.d9200 0.97701) 1.19966 0.81'441)
21 l.0600*-02 6.5s425"+01 NM 0.97702 0.91100 0.98100 1.154451 0.80971
22 1.11501-02 6.74433"+f0l NM 0.96035 0.92700 0.98'400 1.12676 0.87330
23 1.1660"-02 7,o0,59.4o1 NM 0.98507 0.944500 0.98600 1.09308 Q.90367
24 1.2140"-02 7.2266"+0l NM 0.990415 0.96000 0.992010 1.06778 0.92903
25 1.50"0 7.3337'401 NM 0.99327 0.96700 V69`1401. 1.05662 0.94073
26 1.'4930*-02 7.6517'.0l NM 0.9496b 0.46800 0.9q990 1.02234t 0.97712

u2 .71400"-02 7.113016"4'0 NM 1.00000 1.U00000 1.000o0 1.0001)0 1.00000

INPUT VA411AOLL3 YM/MO.UIUD ASSUME PPD



72090401 ST~fjE PROFILE TASVLATIOfj 31 PUINTS, IJELIA AT POINT St1

I y PTAIP P/Pr) T0,l~f)r H/lit U1'fl, T/10 R/iln, ruou/u1

1 0.0000"+00 1.n000'+00 I'Mp 0.7o)000 ().00000 U..oOOO 8.654?2 Q.00000
a 1.800fl-00 1.373"0(10 jim 0.81250 0.09001) 0.2q,500 9.0coISS. u.0329i6
S0 4.1001)"-014 ?.0947*)n0 Nq 0.85b96 0.14200 0.41700 8.t6237"s 0.044635
'4 7.1000"-04J S.I7A8*46f0 :"A 0.8q099 0.25300 0.,9) 6.371412 0. 10017
5 9 .40100-I 6 A97l4~01) N., 0.902!4q 0 29,00 U.700OU 5 3QSy u0.2511
0 j.2'400:,043 9:0895 . #6q N 1 0.91077 Q.34300 0 .7530o f.181950 0. 156R4
7 I.Sv'(0P'-03 I.03S0.010 t1d 0.91492 0.36700 U.77600 U.4701i6 u.17397
8 1.98001-03 1 .155o0+01 NM 0.920149 0.34900 u.79600 4. telii O.19010
9 a.210"03-0 1.21845"'0 (Nm q,92305 0.140000 0.80500 14.05016 0.141876
10 2.51400*-03 1.133,33*0I Nm 0.925140 0.41900 0.80900 3.62067 0.21416
11 a.6q00"-03 1.'4069"M0 INM 0.926427 0.43100 0.82701) 3.b8177 U.22'462
12 2.9700"-03 1.47(,6"+Ol jIM 0.93067 0.414100 0.81500 3.58505 0.232,91
13 S.3000"-03 1.5891,0l1 )JU 0.93248 0.45900 0.8460U 3.307lb U.214903
14 4.5800"-03 1.7124"*Dl NM 0.93384 0.47700 0).856n0 3.22041 0.26540
15 $.7800"-03 t.Alts"+01 N

Tm  
0.93b06 0.414100 0.86'400 3.09bq45 u.27903

lb 4.0400"-01 1.q9136*01 140 0.91779 0.50500 0.87100 2.97477 0.292b0
17 'I.29400-03 ?.0120"'fl1 11F' 0.94019 0.52600 '4.861100 2.90531 0.314013
to q.tisoo"-01 2.2529"+Ol tip 0,94a63 0.514900 0.89100) 2,61397 0.33827
19 b.2i

2
00'-03 2.5b6"8+0I NIA 0.9470b 0.58700 0.9060') 2.38221 0.38032

20 5.'4600"-03 ?.7b14"+O1 N"1 0.949945 0.60900 0.91400 2.25ýl4t 0.40576
21 5.7100'-33 2.642piin1 Nim 0.9504D 0.61800 0.9)100o k.20172 0.41649
22 6.20000-03 3.25441'01 Jim 0.95658 0.66200 4).93100 1.97780 0.47072
23 6.8bQ00-03 3.4611*.01 UJm 0.97765 0.66300 0.944,00 1.91841 0.41)312
24 1.31100"-03 1.67431#01 14M 0196912 0,70400 0.9S600 1.8440.. 0.51843
as 1.6700'.03 4.0573.0#0 N"m 0.98001 0.74300 0.95900 1.66594 0.57516's
2b 8.2000'-03 4.2189'601 NM 1.002314 0.75500 0.97200 l.b%11Ilo 0.58645
27 9.7500'-03 4.7077t01l 14", 1.00263 0.79800 0.97900 1.50506 0.650146
as 1.0310"-02 5.2aS36'.01 N61 1.00269 0*h4,141 0.98500 1.37177 0.7160)
29 1.0790"-02 S.fiS06*+q1 NM 1.001435 0.87500 0.19000u 1.28011 0.77336
30 1.2800"-0? 6.93164+0l NM 0.9Q705 0.91000 0.996c11 1.105433 0.944468

0 11 I.4000"-02 7.16620#1)1 'i'' 1.00000 1.00000 I.UO0O0 1.00000 1.00000

INPUT VARIAOLES Y~Ft/MOP),U/U A3SUmF PvPD

740,100nil! STOnJE PROFILE TABULAvION 24 PUINTS, DFLIA AT PUINT 20

y PT2/P P/PO TO.'? N/mv 0/uu 7/11 RHO/R(100.U.'UO

1 0.0000"+00 1.00006+no NM 0.72006 0.900000 0.00000 9.638,91 0.00000
41 1.60(10"-04 J.'401S%+00 NM 0,7S762 0.09LO0 0.27600 9.19889 0.0)000
3 o.6000*-04 2.13754+40 NIA 0.61169 0.14000 0.41P900 9.38985 0.04564

*4 8.90000-04 ).9$9140#00 NM 0.8924.6 0.20900 U.S4200 7.75144,4 0.07%05
S 1.7000*-03 9.05720+00 N" 0.91590 Q.31500 0.75200 5.25640 U.14306
6 1.6300"-03 1.03001#01 NM 0.91755 0.35100 4.1`74100 4.&b259 0.15917

*7 2.3400*-03 1.1215*+01 NM 0.91693 0.36700 0.18800 4,61021 0.17093

8 3.9000D"-03 1.12510+01 NM 0.901440 0.140000 0.80600 44.0h023 0.19451
9 1.3500"-03 1.3577"+0l NM 0.9P546 0.141000 0.82200 4.01954 0.P.0450

10 iI.2400'-03 1.90ioutoI NM 0.93117 0.46900 0.85600 3.34679 0.05636
it 4.6000*-Os 1.0765.0l0 NM 0.93377 0.147900 0.06400 3.253544 0.26556
12 5.4600*-03 2.3292,401 NM 0.914176 0.53500 0.89190 2.77363 0.321214
11 6.4090"-03 2.664190#01 NM 0.9S045 0.57300 0.96000 2.511169 0.360160
114 6.81000-03 3.1SZ0'901 NM4 0.9497`1 0.62000 U.9?100 2.10666 0.141737
IS ?.6700*-03 I.391',fll NM 0.95626 0.64800 0,93200 2.06863 0.450154
16 6.0500*-03 3.90051+01 NM 0.95741 0.60600 Q.94200 1.6318 0.S1414
17 9.3200"-03 4.09920,fl1 NM 0.96S42 0.79600 0,96200 1.146056 0.65664
18 1.0390*-02 6.0269"0*0 NM 0.97230 4.8h600 0.971400 1.Z6408 0076996
19 1.1630'-02 6.?Sl21't01 NM 0.941914 0.91700 0.981400 1.15147 01.`5456.
20 l.2680*-02 7,26891+01 NM 0.99149 0.95300 0.99200 1.06364 0.91353
21 1.4300*-02 7.64271+01 NM 0.99371 0.97600 4.995001 1.03911 0.95736

12 1.5370"-02 7.7676*,fl NM 0.9944S 0.981400 0.99600 1.02454 0.97214
213 1.67601-01 7.qaS%*+0l NM 0.9`0640 0.94400 0.99900 1.01009 0.9890S24 Il .7960"-O 8,02090+01 NM 1.00000 t.00000 1.040000 1.00000 1.009000

INPUT VARIABLES Y#M/MDpUiiUD ASSUME PuPO
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Three Cof ratns tested4.9 b, C) 4.0 7301R THETA X 10-3 : 8 - 30

See dlaqrams helow TW/TR : 0.85 - 1.0 ZPG (HISTORY)
AW - MHT

Windtunnels: (a) as for CAT 7202 (b, c) effectively continuous, fixed nozzle, V - H * 0.4 m.
PO : (a) 0.61 (b) 0.21 (c) 0.43 *N/m2 TO: (a) 305-375. (b) 350, (c) 330 K.
Dry air, dew point 215-233 K. RE/m x 10-6 : a) 10-16 b) 6.5 c) 15

GATES D.F. 1973. Measurements of upstream history effects In compressible turbulent boundary layers.
NOLTR 73-152.

And Gates D.F., private coummunications, Voisinet & Lee CAT 7202.

0 bc

1 The test boundary layers were all formed on flat surfaces, and in the region of study were at constant
4 pressure. The emphasis of the tests was on a controlled variation of the upstream history of the layers.

In each case, upstream of the test zone, a part of the flat surface could be made to transfer heat to
or from the flow (the sketches in the heading indicate this region with the symbol Q), The pressure history
and origin of the boundary layer Is different in each case. The combinations are listed in table 1.

I& a) Series 01-06. The test layer was formed on the flat wall of the boundary layer channel "iscribed in
4a CAT 7202, and experienced the pressure history given in table 2 of that entry. The plate cooling system

web arranged so that near the throat (X - 0), from X - - 165 to + 457 mm, the wall temperature could be
contiollad to give heating, cooling, or near-adiabatic conditions independently of the controlled cooling
in the test zone.

lb b, c) Series 07-10: The basic structure for these tests consisted of a rectangular cross section channel
Ic constructed as an extension of the tunnel nozzle 3.66 m long and closed on the plane of symmetry by the

test plate. A long (b, series 07-08) or short (c, Aeries 09-10) leadinC edge section could be attached,
which ran into the normal tunnel test section on the centre plane. The cross section of the channel was
W - 411,H , 222 mm at entry, Increasing to W - 436, H - 274 me at exit, to allow for boundary layer growth

(there is also a slight divergence in the tunnel proper). The test surface was fitted with removable
plugs (D - 47.6 am) at intervals along the centre-line which could be replaced by instrumented units. lest
surface roughness was held to 0.8 Wm rms, and all other flow surfaces to 1.6 Vm rms.

lb b) Series 07-08: The test plate in the channel was extended upstream by a plate of similar construction

1.83 m long on which was mounted c leading edge section 0.23 m long. The leading edge was formed by a

half-wedge of 190 included angle and was 153 n upstream of the throat (X - 0). The leading edge section
4b could be cooled ty liquid nitrogen giving the temperature histories shown in table II, columns I and 3.

A limited amount of pressure history is available and is given as a Mach number distribution at the foot
of columns 1 and 2,

Ic c) Series 09-10: The short leading edge section was 0.6116 m long. The leading edge (X - 0) was formed by
a half-wedge of 100 included angle and was thus 1.219 m downstream of the throat and in the constant
pressure region. The leading edge section did not contain instrumentation ports and could be cooled by

4c liquid nitrogen in passages between X - 76 and 533 mm. Sample temperature distributions are given In
table 11 columns 5 and 6.

2 'Pitot pressure profiles, oil streak tests and several sets of schlioren photographs all indicate uniformity

of the pressure-velocity field" and the (PC) wall pressure distributions in the uniform flow region (not
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3 presented) show the Mach number constant within limits of t 0.04 for (b) and 1 0.02 for (c), Transition was

natural with no information as to the precise location. Flow angularity as shown by oil streak observations

5 ranged from immeasurable at the centre line to a few degrees near the corners.

6 The instrumentation of the channel is described in CAT 7202. The plates In the windtunnel tests were drilled

with up to 26 static tappings of 0.79 mm diameter at intervals of 305 or 153 mm along the centre line.

Copper-constantan thermocouples were mounted at 305 mm Intervals 76.2 mm from the centre line. Additional

thermocouples were mounted on the centre line of the cooled leading edge sections, 3 for the long plate (b)

and 5 for the short (c) as indicated by table I1. Thermopiles (RdF corporation, Hudson, New Hampshire, model

7 no 20463-3) could be mounted at the centre of the ports. rhe probes employed were identical to those usad

8 for CAT 7202. The results presented were obtained with the FPP and the ECP, The relative positions of

measuring stations were the same as In CAT 7202 except that there were no static holes to the sides of each

port In the plates. The X values for which measurements were made are given In table I,

9 The author has interpolated his TO data to the Y stations of the PT2 values and applied the same probe

10 corrections as in CAT 7202. In the region adjacent to the wall (y < 0.6 - 1.0 mm) temperature values were

11 again obtained by extrapolating the profiles to meet the wall temperature. Sutherland's viscosity law was

12 assumed. The editors have presented the data as prepared by the author.

13 The 26 ZPG profiles presented have varied upstream histories as listed in table 1. PO and TO were measured
14 simultaneously, A limited amount of wall data is presented, and no attempt has been made to adjust the

values to take account of the slight differences in X value.

D DATA. /301 0101-1003 ZPG PT2 and TO simultaneously. NX - 2 to 4. CQ from Thermopiles.

15 Editors' coaments

The experiments constitute a systematic attempt to identify the influence of pressure and temperature history

effects. Configuration c) (series 09, 10) involves no pressure history, so that any differences observed

between the cooled auid uncooled leading edge cases can be ascribed to the temperature history alone.

Configuritions a) and b) both involve a predominately reflected-wave expansion in the nozzle region, with

differing initial boundary-layer thicknesses. Tests on configuration a) include both relative heating and

cooling in the nozzle region, coupled with differing test-region thermal conditions. Configuration b)

provided a stronger throat-region cooling effect, but was associated only with a near-adiabatic test-region

wall.

An obvious gross effect of upstream heatinq is to modify the downstream adiabatic wall temperature. For

example, tests on the short flat plate, configuration c). qave an "experimental recovery factor"' in the

absence of any leading-edge cooling, of about 0.80. The correspondinq value with a cool leading edae was

0.78 at the first measuring station (X - 0,914 m) relaxinn to 0.86 at the most downstream station (X - 2.743 m).

Similar effects are observed in the other cases, and reported at lenqth also by Voisinet & Lee (CAT 7202).

The profiles are sppcified hy a fairly large number of data points and in every case the measurements extend

within the momentum deficit maximum. In most cases the measurements extend well out into the free stream,

as indicated by the PO deficit, By the same criterion, the O-state should in general be taken at a larmer

value of Y. It is a pity that in an investigation on this large scale no CF information was obtained.

Comrarisnns, on the basis of Mach number and Reynnlds number in the test-zone, may be made with the adiabatic

flat plate studies of Hastings & Sawyer (CAT 7006) and Mahey et al, (CAT 7402). Corresponding cases where

the layer was produced on & flat wall facing a contoured half-nozzle are Vo!i•net & Lee (CAT 7202) and, at

lower Mach number, "eler (CAT 7003) and Jeromin (CAT 6602).

k
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TABLE I GROSS THERMAL HISTORY OF TEST BOUNDARY LAYERS

Run, Reservoir Throat or Nominal Wall Nominal PORT PROFILE
]DENT TOD leading temperature condition temperature X X
7301- K edge K K m m

condition

0101 347 COOL 308 ADIAB. 301 1.778 1.702 Boundary layer channel
0102 348 " 311 296 2.286 2.210 MD - 4.9

0201 373 328 COOL 270 1.778 1,702 PO - 615 KN/m2

0202 374 332 279 2.286 2.210

0301 338 ADIAB. 325 ADIAB. 304 1.778 1.702

0302 324 319 296 2.286 2.210

0401 333 327 COOL 265 1.778 1.702
0402 333 317 " 267 2.286 2.210
0501 311 HOT 323 ADIAB. 294 1.778 1.702
0502 311 332 ' 293 2,286 2.210

0601 311 323 COOL 269 1.778 1.702

0602 311 " 339 s 262 2,286 2.210

0701 340 UNCOOLED 304 ISOTHERMAL 298 1.524 1,448 Long flat plate
0702 341 " 306 IN 298 2.134 2.057 MO • 4.0
0703 344 " 308 TEST 297 2.743 2.667 PO - 215 KN/m2

0704 343 H 301 REGION 294 3.962 3.886
0801 341 COOLED 249 AND 297 1.524 1.448

0802 343 256 NEARLY 298 2.134 2.067

0803 343 252 ADIABATIC 298 2.743 2.667
0804 343 257 298 3.962 3.885

0901 332 UNCOOLED 301 NEARLY 300 0,914 0.838 Short flat plate
0902 327 H 299 ADIABATIC 301 1,624 1.448 MD • 4.0

0903 327 " 301 SLIGHT HEAT 298 2,743 2.667 PO * 430 KN/m2

1001 333 COOLED 129 TRANSFER TO 298 0.914 0.838
1002 331 0 112 OR FROM THE 296 1.524 1.448

103 333 " 104 PLATE 298 2.743 2.667

TABLE II TEMPERATURE HISTORY FOR FLAT PLATE TESTS

LONG PLATE SHORT PLATE

1)Xm 21T/K 3) T/K 4) X/m 5) 7/K 6) T/K
from M 1 L COOLED L ADIAB from LE L COOLED L ADIAB

-0.076 277 0.000 283 +
- 0.015 251- 0,003 269 +
+ 0.061 262 321 0.015 243 +

0.305 299 306 0.030 216 +
0.633 299 302 0.046 190 +
0.838 298 300 0.061 161 4- -
1.143 296 298 0.091 104 301
1.448 299 300 0.183 93 300
1.763 298 299 0.305 92 299
2.057 298 299 0.427 91 298
2.362 298- 0,610 101 298
2.667 297 298 0.701 132 +
2.972 296 299 0.701 253 +
3.277 299 300 0.838 272 299
3.581 300 301 1.143 289 299
3.886 301 301 1.448 296 301
4.191 302 302 1.763 298 300
4.496 304 305 2.057 298 299
4.801 308 310 2.362 298 300
X/M MO 2.667 299 300
0.305 3.22 3.277 300 301
0.457 3.53 + Calculated from fin Bessel function.
0.610 3.81 Sample sets. Typical except for column S, for which
0.762 3.96 values wre In general 0 - 15 K higher.

Long plate: X-O at throat, Cooled leading edge k -- 153 to + 76 m, Leading edge extension X - * 76 m to 1905 w
Short platet Cooled leading dge X - 0 to 66 m, Cooling passages X - 76 to 533 mm.
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CAT 7301 GATES BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD * TI/TR RD2vq CF M12 HIZK PW PD*SX POD Pw/Po* REMiD CO * "32 H38K TM* TO'
RZ TOO S3 * 02 P12* m4t2 02K UD T7

73O0olu Q.q307 0.9659 5.7592"+03 NM 8.6708 1.3863 1.045q"403 1.0I5Q9t03
1.7018.*00 5.l0?•*0S 1.0000 2.1sq5st04 0.0000+0O0 1.8315 1.7767 3.0356"*02 5.Sb67*+U
INFINITE 3.4093"q20 0.0000 P.28qa2-03 0.0000"400 0.4965 4.7488"-03 7.5721"0o2 3.1426"+02

73010102 .06653 0.9•68 6.3279,003 NM 9.6147 1.3947 1.1487*403 1llo8".o3
2.20980+00 5.1740"+05 1.000o 2.S056b+04 0.000no*oo 1.8161 1.7663 2.94610402 5.9a786+01
INFINITE 3.3968*+02 0.0000 2.3530"-03 0.0000*+00 0.3S87 5.19qS'-03 7.5074"+02 3.1052"+02

7301oolu 4.9343 0.7936 6.4068*+03 NM 8.2150 1.3742 1.0250+03 1.04250+3
1.701,0+•0 5.1070"+05 1.O0O0 2.315*04 0.0000*.00 1.8307 1.7791 a.1072"*02 6.3610e01
INFINITE 3.7?360+02 0.0000 2.62••-03 0.000O0000 0.583 '4.6837"-03 7.8905*+02 3.o115*+02

730020o? 4.6539 0.M335 6.99690"to NM 68,172 1.3900 1.1521"*03 1.1521"+03
2.2095"*00 5.1318'*fl5 1.0000 2.65a69#04 NC 1,8142 1.7662 2.81940+02 6.4718*t01
INFINITE 3.7002"+02 0.0000 M.5059*-03 0.00004400 0.1661 S.3689"-03 7.8327"+02 3.8t7"+02

73010301 4.9651 0,9861 4.6022"+03 NM 11.12S7 1.3967 1.0211"+03 1.0211"*03
1.70140"00 |.1866f+i5 1.0000 2.el45"+0d 0.0000400 1.6201 1.7721 3.0d8d3w02 S,bq69*+OI
INFINITE 3.3771"+02 0.0000 ,.6392*-03 0.00000+00 0.1633 4.2396"-03 7.5121"+o2 3.08510*u2

73910302 40.649 1.0022 S.6063,03 NM 11.3321 1.3V55 I.1500sow3 l.[500*.03
2.20986+00 5.0963"+05 1.0000 2.S201*#0 0.0000.*00 1.6105 1.7636 2.9994"+U0 'j.7369*+01
INFrI11Il 3.27360#02 0.0000 2.0192"-03 0.0000+00 0.0908 .6l2b"-03 7.366•+02 2,9129+02

7301001 4.9329 0.0707 4.8641"+03 NM 11.3511 1.3983 1.0170"+03 1.070",03
1.7018"+00 4.9738"#05 1.0000 2.0199*944 Q.OOOO+uo 1.6172 1.7697 2.6372*02 5.o5000O0t
INFTNITE 3.3147"+02 0.0000 1.7548"-03 0,00009*00 0.1217 4.0426*-03 7.43420+02 3.0257"+02

7301040• 4.6632 0.0868 6.8751j"03 Nm 9.9055 1.3857 1.1356"+u3 1.1356"+03
2.2n9s"#00 S.11440#05 t.0000 2.6166÷+04 NC 1.6162 1.7703 2.6650"+02 5.7TOP÷o!
INFINITE 3.29q8*+02 0.0000 2.28?5'*03 4.0000*+00 0.3123 5.0977*-03 7.3938"+092 3.14W,.O

73010501 40,?24 1.0212 3.7869503 NM 11.2671 i.121 1.014•0+03 1.01Q"02+3
1.701m*+00 3.9525+*05 1.0000 1.657SI+04 0.00000+00 t.8131 1.7664 2.9167'+02 5.6776H+01
INFINITE 3.1217*,00 0.0000 1.5406"-03 0.C0000+00 0.0387 3,b2?S"03 7.lb4**O2 2,8Sbl1*02

73010502 0.5687 1.0462 3.6730"403 NM 07,4113 1.4240 1.138"#Q3 1.136W+03
2.21•41+00 5.16S44*05 1.0000 1.6294*D4 0.00000+00 1.7772 1.?505 9.278*+602 5.33W+".01
INFINITE 3.06154+02 0.000 1.3218"-03 0.0000'00 -0.0314 3.9106"-03 7.1258"+02 2.79W+50U

73010601 0.7510 0.9222 4,206*+03 NM 10.8135 t.395q 1.0126*+03 1.01i6"03
1.70184#00 3.96834t05 1.0000 1.7188"+D4 0.0000l+00 1.8120 1.7684 2.o311*so 5.o5b6"+u!
INFINZIL 3.1167"+02 0.0000 1,5562"-03 0.0000+00 O.101 3.6420*-03 7.163Ibl 02 2.832"+02

7301060? 0.856 0.9350 4.2170m03 NM 16.0525 1.4344 1.1107"+03 1.107?N+u3
2,20960*00 9.0373**05 1.0000 I.54810+4 NC 1.7b6b 1.7464 2.613q9"02 S.2q720+U!
INFINITE 3.05850+02 0,0000 1.3467?-03 0.0000'+00 -0.7524 3,9106"-03 7.129 "+02 •.795s"+02
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CAT 7301 GATES BOUNDARY CONDITIOFJS AND EVALUATED DATA. SI UNITS.

RU N MD f TWl/TR REO.~M CF H112 1112K pkM P0*
0 f POD PV4/PD* RED20 CO M32 441214 IN T0*
02 TOO SH * D2 P12* H142 D2K UD TR

730107U1 3.9566 0.913o 2.7b5~,03 NW. 7.5927 1.3335 1.0776'+03- 1.2776**03
1.0'478*+00 1.83VW.-OS 1.0000 8.31QS"+03 Nc 1.811t, 3.7815 2.9628*402 8.522a*.01
INFINITE 3.5205"+02 0.0000 1.3266*-03 0.O0000"00 0.14801 2.qfit&'-U3 7.3233"+02 3.e430".u2

73010702 &1.01118 0.9215 3.4346'",03 NPM 7.8Y98 1.3334 1.2424"tO3 1.ý424*o3
2.o57*O.o0 I.9200"+OS 1.0000 3.06310340 NC 1.8119 1.7855 3,007b"+U? 8.49o040I0
INFINITE 3.5456"+02 0.0000 1.6765*-03 0.O00o0*00 0.1155 3.2018"-03 7.3751*+01 3.204I".UZ

73010703 3.9557 0.9191 0.69l40*#03 NM 7.7931 1.3323 1.30Y9+03 I.W09",u3
2.667fl400 1.6717"+05 1.0000 1.4177"#04 NC 1.16M3 1.7051 2.9778-402 8,Sl87"*U1
INFII41TE 3.5170-402 0.00001 2.2079*-03 Q0OO00.0o 0,Qq84 4.1995"-US 7.3193"#02 3.2396"+02

730to7uo 3.42M,4 0.q360 S.6501"+03 NM 7.814116 1.3141 3.a547'.03 1.2S970+03,
3.68012400 1.7377"taS 1.0000 1.72I11104 NC 1.8M9 1.7945 2.97S684U2 8.4389"401
INFINITE 3.4'465"#n2 0.0000 2.7646"-03 0.00oo'00+1 0.0544 5.1868*-03 7.RSSS"+02 1.1776N4v?

7301lotu 4.0269 0.q329 3.05?68.03 NF 7.S276 1.3384 1.25970+03 1.2597"*03
*1.4476'400 1.9a23"tos 3.0000 9.b1?77*03 NC 1.8112 1.7609 2.9778402i 8.0W22+01

INFINITE 3.4007#02 0.0000 1.'1S70*-03 O.OOO0'+QO 0.2050 2.7095'-03 7.2908"'02 3.1920N+02

73010602 4.0506 0.9381 A.*08150+03 NM 7.6374 1.3235 1.1969N+03 1.1998"+03
Z.OS570.00 1.9438"+n5 1.0000 1.3016'+04 NC 1.8200 3.7905 2.9817'4.02 6.0667"+U1

*INFINdITE 3.i4537*402 0.0000 1.9959*.03 0.0000.400 0.3867 3.7263"-03 7.29412"02 3.1784"+02

7301106U3 0.0472 0.9391 5.0559'403 Nm 7.8179 1.3310 3.2417*+03 l.241?"4u3
2.bb870'00 2.0075"+05 1.0000 1.32O0*04 lie 1.8107 1.7659 2.9833"+02 6.0792"401
INFINITE 3.05174+02 0.Q000 2.3870"-03 0.0000*+00 0.3b39 4.b017"-03 7.19004,02 1.176b"+u2

730308u0& 3.9679 0.9282 6.31771+01 NM 7.4346 1~1b .17,3l~4"0
3B.*0 1.8222*+05 1,0000 1.944150+0 NC 1.8133 1.772 2.10331tO2 0.3bb7'+U1

INFINITE 3.4978t02i 0.0000 3.1375*-03 0.0oflOOtOO 0.1497 5.0192*-03 7.3136'4u? 1..2211*+02

73010901 4.0640 1.0224 P.649a'#03 Nm 0.1453 1.S759 a.4623"403 2.4b210#03
6.3S20"-01 4.089Q"AO5 1.0000 901490"M0 0.0000*400 1.8167 1.7635 3.1239"#Q2 7.1167"401
INFIIIIrE 3.3207"+02 0.0000 6.3630"-04 C.0000"#00 0.3056a 1.230q"03 7.1576"012 3.0S!)h'4U1

73010902 11.0551 0.4880 4.41241+03 NM 8.1445 1.3476 2.4152"*o3 2.4152"*03
1.44780+00 4.1052"#05 1.03000 1.4959.400 0.00000+00 1.8141 1.744S 3.0163#+u2 7.8'6s~b01
INFINIlE 3.3207"$02 0.0000 1.64Z?7-03 0.0000,400 0.1204 2.02090-03 7.16640402 3,0540"40?

73010903 0.1103 0.9614 6.7779"+03 NM A.3%74 1.3it75 2.1U21.#03 9.342l*4U3
2.6670"+00 4.1153"M0 t.0~000 2.31210+04 0.0000"vo 1.8273 1.7972 e.qbft4'402 7~1'
INFINITE 3.28914*02 0.40000 1.805-03 0.04000.400 0.0865 3.0902*-0S 7.1023"+02 3.025t"4102

*73011001 11.0528 0.9798 2.5653*+03 NM 6.5354 1.4083 2.$0140+03 2.5014'+03
6.3620"-Qt 4.0741*405 1.0000 6.54080+93 NC 1.8120 1.7783 2.48904002 7.1369*401
INFINITE 3.3161*412 0.0000 S.8860"-04 0.0000.400 0.4364 1.0270"-03 7.14630*02 3.0517"+02

73011002 0.0647 0.971t 4.3409"+03 NM 7.1b94 1.3893 2.401*+"03 2.401"+~03
1.44784400 4.1052+45 1.0000 l.053?4+04 NC 1.6043 1.7724 2.95904"02 ?.b333*+v1
INFINITE 3.311)0+02 0.0000 q.45671-04 060000,400 0.3m1 1.8483"-03 7.1553*4ot 1.0456'+02

73013003 4.1089 0.9'397 7.13499i03 4M 7.4812 1.3803 e.5325'i03 2.3325*+03
?.6670"+00 '3.08001+05 1.0000 2.3520"+04 0.0000*+00 1.01176 1.783 2.IS311+0? ?.bsu0O"+v
INFINITE 3.34'160+02 0.0040 t.7062"-03 0.00001+00 0.a817 4.18663-01 7.k2020+02 3.0772*402



7301-C-1

73010101 GATES PRnFILE TABULATION '48 I'uINTS# DELTA AT PUINIF 03

I v P112/0 P/pn TO/TOD [W/MO U/UI) T/TD RHO/RH0I.*u/UD

1 .0000"430 t.0O000$00 NM 0.08209 0.00000 0.00000 5.17350 0.00000
a 6.350fl--05 1.0Ifl2t40 N. 0.48142 0.02441 U.05540 5.15230 0.01007
3 2.1590*-04 1.44nf7ltofl Um 0.87245 O.O67q2 0.1%190 5.U0240 0.03037
'4 3.bg10"-0'A I.P798000o NM 0.4719q 0.1?256 0.267%0 4.76400 '4.05615
5 li.9690"-04 1.7295"tnIo rim 0.58613 0.18660 0.39330 '4.00270 0.08853
6 6.5090-04 2.3l85S'4no f'ix 0.09526 0.23706 0.0J130 4.12200 0.31167
7 1:16111:03 2:8812 too Np 0.89280 0.27412 0.53670 3.83330 0.14001

10 2.6159"-03 3.6915,440 ri 0.90607 0.1?.679 0.613S0 3.448160 0.17621
11 1.365il.03 4.2503"+00 Nm 0.90150 0.3'4602 0.63240 3.34030 0.18932
la 4.1763*-03 0.6560**00 Nm 0.1:9906 0.36455 0.61230 3.2017Q 0.20374
13 5.143r,".03 5.1341*000 14M 0.90379 0.38501a 0.67560 3.07900 0.aillla
t4 6.2I01*.03 5.6961-400 Nm 0.91157 0.40782 0.70100 2.95460 0.23726
15 7.2517:-03 6.22680+00 14M 0.918,17 0.4e821 0.72250 2.84660 0.25379
16 6.2169 .03 6.7634'+00 NM 0.92685 0.444767 0.711280 2.75070 0.27004
17 9.2a78,-OS 7.25300+00 Jim 0.92676 0.4650? 0.75bg0 2.64810 0.26579

28 1.0224".02 7.4756'400c Nk. 0.92688 0..46014 0.77300 2.52830 0.30S74
119, 1.09544-02 8.2728.0+0 NM 0.92S49 0.44896 0.78170 2.45440 0.31849
20 1.2614'-0? 0.4703"+00u Nm 0.92958 O.53b01 0.80820 2.27350 0.35549
it1l.40008"-02 1.02621+01 N4 0.93161 0.55913 0.82320 2.16760 U.37977
22 l.535'4"-02 t.1208,+01 Nm 0.93870 0.50558 0.84110 2.06310 0.00769
23 l.6072'02 1.210ta*01 NM4 0.94440 o.60992 0.85630 1.97110 0.03443
24 1.79411"-02 1.3295"+01 NM 0.915123 0.64003 u.87380 1.86390 0.46880
25 I.M910'02 1.41060+01 NM 0.95634 0.615999 0.68500 1.79810 0.09219
26 A.0409"-02 I.S321"+O1 Nim 0.95516 0.68879 0.89630 1.69330 0.52932
27 2,1679*-02 1.63t16'01 rim 0.95656 0.71151 0.90560 1.62000 0.59901

28 2.211471-02 1.7S72'$01 NM 0.95016 0.73917 0.91130 1.52330 0.sqaqg)
229 0.'420'I'.02 1.4335"f0! NM 0.95765 0.7%549 0.92130 1.48710 0.619S3
30 25ssl'4"-02 1.93%0'401 NiM 0.961,53 0.77667 0.92980 1.43320 0.b'4676
31 2.7826*-OZ 2.t%39*f1 rim 0.96S21 0.81264 0.94200 1.3037o 0.70105
32 3.0493"-02 2.2979"401 NM 0.96992 0.84605 0.95360 1.26440 0.75419
S 3 3.2655S*02 2.43140401 NiM 0.97S00 0.87283 0.9b210 1.21500 0.79185b
30 1.50390-02 2.i3l3's01 NM 0.97633 0.89093 0.96690 t.17740 0.82094
35 3.8169*-0 R.6593*+01l NM 0.97832 0.91360 0.97200 1.13380 .0.85800
36 4.07804-02 2.7s244+0l 14M 0.97967 0.92974 0.97680 1.10350,4 0.988094
37 '4.31'42-02 2.8263*+01 NM 0.9802S 0.94236 0.97960 1.0060a 0.90 653
38 '4.56a04-02 2d021'401I NM 0.96275 0.95511 0.98330 1.05990 0.92773
39 i4.7917*.92 2.955'4.+Ot NPA 0.98521 0.96399 0.98620 1.04660 0.942?9
'40 5.03560-02 3.0210"+O1 NM 0.98826 0.97480 0.98970 1.03080 0.96013
41 5.4242*-02 3.0820"o61 NIA 0.99168 0.98482 0.99320 1.01710 0.97650

*42 5.8788'-02 3.I367"+O1 NM 0.99521 0.99357 0.99650 1.00590 0.99066
0 '41 6.3970"-02 3.1768*01 NM 1.00000 1.00000 1.00000 1.00000 1.00000

44 9.6212"-02 3.16464+01 NM 1.00027 0.99805 0.99980 1.00350 0.99631
4% 7.3266"-02 3.1606"061 NIM 1.00M0 0.99741 1.011010 1.00540 0.99473
46 7.8346'-02 3.l1500't~l NM 1,O0007 0.99573 0.99970 1.00800 0.99177
'47 8.11036"-02 3.1375*o01 Nm 1.00217 0.99371 1.00000 1.01279 0.95746
48 8.86133'-0 3.1317"#01 NM 1.00229 0.99276 0.99990 1.01440 0.98S71

INPUT VARIABLES Y#U/U#T/IYD ASAUME PzPD



7301-C.C2

730IM051 GATLS PROFILE TABULATION '40 PO1018, LW.LTA AT PUINT 36

I y P12/P i,/pn 70/TOO M/MD U/UD T/Tf) RH0/41100*U/jWU

I o.uO0O~O"+ 1.nOflQ"4oo 14M (4.Q34414 O.U00oo U.00000 5.13780 0.00000
2 b.3Rfl0"-05 l.0l?4"to0 f~m 0.935?0 0.02819 0.063140 5.12350 j .0 241.
1 1.bSI1-04 1 .1)5c;7 +00 tNM 0.94uOL 0 . 51859 0 .1342? 5.019?0 u. v2623
44 sb30(133". I l. ?b IIt 00 14M 0.93841l 0.12316 Q.27210 4 Azt.00 0.05638
5S:461"0::4 I 61193:+fl Ným 0 4145;6 0*189s54 0.00090 4 4.7360 u.0e461

ov t ?7 7!1 0 04 2.25ps f00 NM 11 :943 3 0 .!'4IJ 0:46940 (4.101160 0.1 1912
I7 1.103"-03 2 .I12 +00 lip 0.95159 0.212949 v .55M0O 3 A10610 u.iaJ4P9
5 1.511W"-03 30~950".'00 Nk. 0.96422 0.30,62 (0.50590 3.704410 U.16061
9 210701"-Ol 3.6347"*400 11M 0.95503 0.328(40 0.61750 3.5S57o 0.17465

10 d.L47W5-03 3.40s5"0f0 104 0.95051 o.319o'4 0.63000 3.440s70 0.16110
It1 .3qOt"-01 4.?7h3".00 NM 6,9s289 0.36102 0.0.5h10 3.30do0 U.19865
12 4.2037'-Q3 i4.7077"441Q i01 0.96154 0.38130 0.66170 3.29630 14.213ab
13 5.0419"-D3 5.l3P1*+00 4(14 0.96034 0.40004 0.70'lI0 3.o92110o v.22772
tos 4j.05791-03 5,6843-#00 NM 0.96609 0.42373 u.724670 2AQ44?0 u.2(4708
13 1.1715s"-03 6.2W0".O00 N 0.96715 0.444537 V.744660 2.81020 u.k656a
16 6.111W.~03 6.'?440"#()0 1M. 0.97617 0.446679 0.76850 2.71050 4.dsM5
17 9.1821"-03 7.41070*$00 NM 0.914852 0.49184 0.79350 2.I6l200 U.30046
113 1.0?7d4-02 8.1276"+.00 rim 0.911667 0.5t390 1.8Oq20 Z.a7944(, 0.32W3
19 1.1443"-02 8.90.124*00 lim 0.986451 0.53618 0'.824460 Z.5.65? 0.3486(1
a0 1.2738"-02 q.

4
a72"

0
2.0 N"l 0.9A69'J 0.563744 0.84250 2.M335 0.37721

21 1.3953"-02 l.0a671+01 Nim 0.98663 0.58740 ('.8Su40 2.12560 0.4024U
22 I.5354lo-02 I.IS44*4fll 144 0.996S2 9.61830 u.87760 j!."11460 9.43s561
23 1.6396"-02 1.2466"4flI riM 1.00574 0.643S? 0.8Q4140 1.0314U u.46308
24 1.7869"-02 1.3780+0I1 Nim 1.00585s 0.67795 Y.9103O 1.1100Q0 U.504Q1
25 1.8960~-02 1.44o72*401 lip 1.00460 0.70031 0.9192 1.71200 0.53355
26 2.0307"-02 1.1?49'+01 Nw. 1.00054 0.72640 0.9a760 1.3000 0.5668.1
27 11.1577'-02 1.68371+01 NP. 1.00186 U.751613 0.93750 1.55491o U.6424S
20 4.2974".012 1.41644*.I Nim 1.0067b 0.78171 0.94990 1.447660 0.64330
29 9.4143"0.l 1.93,4I1+01 JiM 1.01001 0.00747 0.959S0 1.41200 0.679s3
s0 2!.5336"-02 2.Q361,+0l 144 1.00876 0.62926 0.9h530 1.35500 0.7124w
31 c.7978*-02 2.2484"*01l iJm 1.V0595 0.87197 0.975as0 1.25130 0.779st
32 3.0620"-02 2.4274N+01 14M 1.00226 0.906744 0.98200 .120 0.83724
33 3.2630"-02 2.5587~*0l '14M 1.00021 0.931041 0.9ft6so 1.1p160 V.87939
34 3.5b449"-02 2.69754+01 NIA 0.99616 0.9s679 0.959810 A.07020 9.910417
35 i.eaaso"-O? 2.621144*01 lip 0,99686 0.979U14 0.99460 1.03120 0.96451

0 36 4a.0526"-02 2.4423*+fl1 N4M 1.00000 1.08000 1.00000 1.00000 1.00000
37 4.310"~-02 3.0325*101 NM 0.99709 1.01506 1.00130 0.972?30 1.029113
38 i4.5656"-02 3.09'44"+01 NM 0.994429 1.02594 1.00170 0.9%330 1.05077
39 4.8450"-02 1.1475'+Il) NM 0.99092 1.034484 1.0n150 0.93660 1.06929
40 5.1016"-02 3.1580"+01 NM 0.98666 1.04157 1.00040 0.92250 1.01k444
41 5.419l*-02 328"'1 Nm 0.9R1232 1.046112 0.99Q10 0.91090 1.0964Sh
42 b.78Q99".0 3.2171""1I NM 0.07991 1.04638 0.99780 0.90930 1.09131
443 6.3792"-02 3.21144#01 NM, 0.97871 1.04b44 0'.94720 0.90810 1.098112,
44 6.54bh"-02 3d?084,+01 N4M 0.97976 1.04498 Q.99750 0.41120 1.09471
As5 ?.4074*-02 3.1961*.0Il riM 0.979044 1.04291 0.99700 0.91390 1.0909S
446 1.8727"-D? 3.1772"#n1 1,11 0.980h4 1.03977 0.91710 U.91960 1.084?8
447 6.3858".02 3.1530"M0 NM 0.98071 1.035119 0.996150 0.92540 1.07661
48 U.90440"-02 3.1336'#QI 4)14 0.911103 1.03252 0.99610 0.93070 1.07027

INPUT VARIABLES Y#U/UDT/T13 A38UME "PWD



7301-C-3

130114401 GATC3 P444FILR. TABIULATIO1N 17 POINTS, DELTA AT PUINT 23

I y P121P P/PD T v/ T(it) 'AI/D uU /U 1.110 kHnrHfl/10U I UV

1 (1 ,0000"+00 1*foqo" +no Ww 0.90139 u.on.io0'4 0 .000ou 3.86250 0.000410
2 b.3500-05 I.14'0 i .M~tu W 0.87364 u o.0964o u. 11344U 3.632bu 0. os000
3 1,.1 O"i-044 4Iq4. 191 Pfu ;4f 0.3b'185 u.4121491 V.25520 3.505hu u.0ob3'4
4 4 .. 910::,04 1.339 0: "(10 NM 879413 0.365?3 u4.59212 2 61930 0.2?567

Psb2i3"'o if * 3'o0 4" 0871 0.442600 u.65850 2 379'40 0.2705'
6 ts.?255n"-o4 q.4497qi0 O .U9,427 v . 16 1114 u~0 61)a ) 2.25160 0 u.10 7 3
7 l.IS57*-03 93.5473"+00 ,qm 0.13071:7 0.~48B01 0.71370 2.1304o U.335,01
8 A4.5367"-03 b.t41"*+00 Wi~ 04.69078 0.51i70o 0.71710 2.03Z20 W.36271
9 4.b1fW-(43 6.6431"+110 (4A (I.e9361 0.53981 0.715449 1.95710 u.30572

10 2.2479'-03 7.2369"+00 44m 0.89801 0.56513 0.77406- 2.67870 U.441231
11 2.7305"-03 7,9783"*40 NM 0.971M 0.595443 U.79790 1.7qS70 0.4444314
12 3.1115"-01 8.6906".0o fNm 0.91I9 v.023444 V.al200 1.11560 0.47$75
13 i.4163"-ol 9.?013"flo 101 0.911499 0.64227 0.82140 1.t)6480 0.497741
1'4 'i.6s5s".03 t1005"0,1 Ed

Tm  
0.9(4257 U.72060 4.6810440 1.449270 V.56964

13, b.44737"-03 1.3068"0n1 NM 0.95553 0.77174 u.9062u 1.364410 if.6579
20 o.6tlb

7
'-n3 l.'4%48"+o1 rim 3.97bs1 0.644038 0.944480 1.252flu 0.754b3

17 7.6580-03 t.7708'4441l rim 0.9M946 0.91125o 0.96960 1.15130 Q.84072
15 6.6995".03 1.9s3b"+01 EdTM U.41C.412 0.q49544 0.98460 1,075?0 u.91574
19 q.71515,-03 jM78'0 24) (.997344 0.97879 v.993f8 1.03os0 0.964419
if) A .12 14 " - 2 P .I r, 5* +0l 1 W4 0.998(45 U .TO4 0177 y .9 97 b 0 1.)00610 0.99115
2L 1.2230*-02 2.1b416"+IIl N-14 v.q977 U."981 0.998420 9.9997V 0.99850

*22 1.3630".02 2.1J61"+01 tNm 0.99854* 0.149885 09944100 1,00010 U.909670
0 23 3.49Z7'-02 P.1015'+n1 fill 1.00000 1.00000 1.000440 1.00000 1.040041.0

24 I.b345".02 P.W200+01 fA, 0.q0895 1.0fl010 V.994)S0 0,998140 1.00017(
*25 1.7l1SMI.Q7 P.163'4'401 )4.4 1.v(V09 1.000'45 1.00000u 0.99990 1.000%.)

g o 1.84470"-02 2.1.3o"0+01 llm 1.00235 1.00010 1.00120 1,40027 0.q9990
V7 a.o8Q'42-ua P.115012,01 NM

4  
1.u0117 0.99920 1.00000 1.1)Q200 0.99800

25 2.3152"..02 2.15844"+O1 NIA 1.00235 0.99925 L.00100 1.00356 u.99751
2q f2.401b'-0? 2.1540"+'01 Nim 1.00331 V.99691 1.001440 1.00500 0.99642
so 2.6556"-02 2.i5b3lt01 444 1.0(1255 ii.9987b 1.Vo0100 1.400450 u.99652
11 21.6918-02 2.1561"to1 ri

m  
1.0(1098 0.90875 1.00020 1.40000 0.99731

32 A'.I2dq".02 2.1sn0'UI rim 0.9952b 0.99775 U.90710 0.99870 0.9984(1
13 3.39q7*-02 P.14482.01 rim 0.98711 U.996905 0.992140 0.9,P190 1.00091
14 1.67661-02 t.19171+01 NM 0.99094 J.D0712 0.997t0 0.98402V 1.01720
3,j 3.895:11-02 ,.j5no0fpj1 114 1.00028 U.9972b '4.99950 1.0014s0 u.99502
3b, ..17101-02 2.1169',1 1P44 0.996')1 0.418939 v.99s90 1.111320 o.98203
37 4.4'437*-02 Z.0698"+141 NM4 44,9941%42 n4.7807 0.99220 1.02910 04.96414

INPUT VAI4IAIILIS VU/U~oT/ID AtISME PX(OD

73011003 CATES PROfILI. TABULATION 39 POINTls, DELTA AT PL'INI 29

I v PT2.'P PIPO TO/1001 14/4D U,'UD T/TO 14HO/RHOIU*U/UD

1 0.0000-+00 1.008t00"o 14M 0.88246 oooo 0.00000 3.00 .85930 0.00000
9 6.1soo".09 1.017$.tOO 414 0.87763 4.07902 0.1$320 3.75900 0.90006
3 3.42190'-041 1.1689',t0 Nm 0.86176 0.144(46 u.274420 3.boa60 0.07611
9 1,0287"-03 2.14029'+06 rim 0.91029 0.16)28 U.52660 3.03820 ui.17396
S 1.44097'-03 3.06"57'80o NM 0.92369 0.341342 U.58360 2.88990 0,20201
6 1.94431.-03 1.9630"t"0 Iim 0.926"ll 0.19096 0.044780 2.b.6`51) u.24570
7 a.7305".03 0,/,944"'ifoo MA4 0.92437 0.143961 0.b8770 2.444120 0.28102

9 3.9243'.-03 S.S1866'00 Nm 0.914433 0.148115 0.72490 ?.269e0 0.31937
to .3610103 5.l7261+00 NI44 01924150 0.OM3 o.74970 44.9040 V.303593

12 .74437*-03 Y.o60681+00 NM1 0.93978 0.5,1051 0.78080 Z.03230 0.38616
t$ 1.5819"-03 7.4070"t00 NN 0.914544 0,56795 u.799442 1.91402o0 '40362

14 8.1185*-03 7.9010*+90 rim 0.95121 0.S84e54 0,8)260 1.93250 0.012049
15 9.8142S'-03 8.67?5*400 4144 0.96%92 04L14144 u.835640 1.As03o v.45171
16 217"0 9.413061+00 NM 0.'iht.58 0.o142142 0.8154?0 1.765140 0.48375
17 1.3195'-02 1,03514-401 144 0.96874 0,67445 11.17200 1.07160 0.52166
18 1.44973*-02 1.12496+0I Nit 0.97120 U.711570 0.81A440 1,1584640 0.56QS6
19 i.6196"-02 N.074) M 0.97174 0.73095 0,90110 1.51960 0.5929il
20 1.5275"-02 1.3128'+01 1,1 0.975116 0.76140 0.91560 2.4438150 0.o36%vu
a1 1.9520*-0? 1139101+01 NM 0.91024 0.714667 0.021600 1.38560 U,668130
22 2.11'461-02 1.53043"401 IN 0.914073 0.80176 0.94200 1.99S70 0.72702
23 2.2f442"-Ol I.4,4471*+0I NM 0.90113q 0.81,4.38 0.955044 1.23260 0.77310
24 d.5286'-02 t1,S898'*1"l 14M 0.96971 v.91360 U.97310 1.116130 0.8s742'
as 2.7140"-02 t.9909"ta1 NM 0.9033b 44.906tb 0.')4soo4 1.00070 V4.91015

all 2.9654*.02 2d195"ifoi 14 0.,)9514 9.971460 V.941160 1.03S20 0.95780

97 .0I4z3*-0l 2164318*01 NP 0.996140.41,39M 0.09240 0.91820 1.91668
as 1.24084".02, 2.aQ0S"+01 N11 0.98189 v99.1 44.g9250 1100000 4013964
30 4.06373"02 1.2220*444 t44 0 .0000% 1.00835 1. to40 06t 0. q756 ý0 1.001470
I7 4.320?*-02 2.Z3250"+Q N4M 0.99660 1.001%10 9.991171) U."7070 1.90217

36 w.0846`511"f 2.13101+01 NP 0.97741 1,00293 0.91503 '4.97300 I22367

39 ia.3085%*-0 2. 2125.1 NM4 0.16301l 1.00.125 0.9*220a 0.07810 1 .0)4444

*IN100 VAI11AB4.l$ YeMUOPTITO A611UMI POPU



7302-A-1

M : 0.2 to 2.8 7302
,•R THETA X 10-3 : In _ 1W0

STW/TR : Approx I ZPG - AW

Continuous running windtunnel with variable nozzle: W - H : 2.4 m. L : 10 m.
0.01 < PO < 0.4 MN/m2 . TO : 284 - 294 K. Air, dew point below 243 K. 1.5 < RE/m x 10-6 < 18.

WINTER K.G. and GAUDET L., 1973. Turbulent boundary-layer studies at high Reynolds numbers at Mach numbers
between 0.2 and 2.8, ARC (London) R & M 3712. '1965
And Winter K.G. private communications. Also: Winter & GUudet (1970) (1968) and Winter, Smith & Gaudet

1 The tests were performed at a single station approximately 10.7 m downstream of the throat on the centre
line of the plane side wall of a closed-circuit wind-tunnel with a flexible roof and floor. The Mach number
at the test station was set to nominal values in steps of 0.2, from 0.2 to 0.8 and from 1.4 to 2.8. All the
walls in the nozzle and test-section were coated with a thin layer of epoxy resin providing some thermal

2 Insulation and giving a good surface finish (typically 6-13 rm). Locelised disturbances in the test-area
3 caused Mach number perturbations less than 0.006 in the supersonic test cases. Transition occured naturally

and no experimental observations are available. The design is such that the final Mach number is approached
4 asymptotically, and has a value within 1 % of its final value for the last 25 % of the effective run. The

pressure history is presented graphically in figure 6 of the source, and the temperature history probably
5 corresponds to a very slight heat transfer to the flow. No systematic investigation of possible flow

convergence was made, but accidental hydraulic leaks showed approximately parallel streak-patterns.

6 The instruments were attached to replaceable plugs inserted just upstream of the main tunnel windows. At
subsonic speeds the wall static pressure was measured with tappings 3.2 mm in diameter, and corrected for
hole size after Gaudet (1965), whilst at supersonic speeds it was assumed constant through the boundary
layer and computed from the tunnel reservoir pressure and the pitot pressure Just outuide the boundary
layer. Some measurements of TW were made on the balance plate and the rake mounting plate, the values being
closely adiabatic,. The wall shear stress was measured using a floating element balance (diameter 368,3 mm),
the force on the plate being found by strain gauge techniques, Corrections to the measurements were made
to allow for the effects of temperature differences between the back plate and the floating plate.

7 Profile surveys were made using rakes mounted so that the profile normal pasRed through the X-value of the
8 bvlance centre, Thirteen TTP were mounted on a strut. These were STP's with a thermistor bead in a vented

stainless steel tube for which d1 . 2, d2 . 1.6 and 1 . 25.4 mm. These were Lalibrated in the flow near
the centre line of the tunnel over a range of Mach number (0.8M2M4,S) and Reynolds number, by compavison
with an ECP. On separate runs the same strut carried 49 CPP mounted in five columns, so as to avoid mutual
interference In an array of densely packed tubes, For the tubes near the wall, d, - 0,50 mm, d2 a 0.26 me,
while further out d1 - 1.00 me and d2 - 0.60 mm, Static pressure probes were also mounted but not used.

9 Profile TO meaavir•ments ware interpolated to the Y-values of the PO measurements, and correlation of profile
measurements and CF measurements on different occasions was made by interpolation of the data on the basis

10 of unit Reynolds nuwdmer. No corrections were applied to the profile data. Sutherland'svitscosity law was
11 used,

12 The lditors have presented the date using the measured temperature distribution - the profiles resulting
from a Crocco / Van Driest-relation with recovery factors of 0,89 and 1.0 (iSoonergetic) are also tabulated
by the authors. The boundary conditions are calculated from the authors' unit Reynolds number values, NO

13 and TOO. 1W has been taken as TR with a recovery factor of 0.96. The profiles in the tables below Include
some of the wide range of measureets made at subsonic Mach numbers. Th•I whose serial numbers are/

14 followed by a star fore a set for all of which the unit Reynolds oeuebr was close to 7 A 106/m. The CF
values presented with the profiles are as interpolated by the authors. The full Mach number range is covered,
from 0.2 to 2.8. with a range of Reynolds number covered at N * 0.8, 1,4, 2.2 and 2.8.
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§ DATA: 730101 to 1203 Pitot end TO profiles. NX - 1. CF from balance.

15i Editors' commnts

The exceptional size of the floating element balance made it possible for the peripheral gap to be fully
pressure plotted. Thus aerodynamically Induced errors could be eliminated, and the reading of the balance
itself is unusually trustworthy. The scale is such however that a substantial variation of CF could occur
over the width of the element (Feorholx 1964) so that the recorded value might not be appropriate to the
prufile recorded at the centre of the plate. The profiles are described in fine detail, but In spite of
the large physical scale of the experiment, measurements do not extend within the momuntum-deficit peak
in about half the cases. Integral values, therefore, should be treated with caution. Log-law plots indicate
that substantial probe corrections could reasonably be applied to the data-points closest to the wall. The
TO readings in this region are interpolated, but any error introduced in this way will be negligible for
an AW case at these relatively low Mach nmwbers.

The Reynolds number and Mach number ranges are unusually wide and systematically varied and of particular
interest since the whole range from M a 0.2 to M a 2.8 was covered with the same instrumentation. Compari-
sons should be made with the data of Allen - CAT 7303 and Jackson at el. - CAT 6505 with broadly the same
geometry and Reynolds number range. Hopkins & Keener - CAT 6601 whose Reynolds number fall in the range
of CAT 7302, give measurements made not on the flat side wall, but on the well which, upstream, was curved
to form the nozzle. Similar tests were made at ultra-high Reynolds number by Moore I Harkness - CAT 6502
and Thomke - CAT 6903. Further high Reynolds number experiments at higher Mach numbers and with varied
geometries and boundary layer histories are those of Voisinet A L"e - CAT 7202, Gates - CAT 7301,
Jones & Feller - CAT 7002 and Hopkins A Keener - CAT 7203.

I



7302-H.1

CAT 7302 11INITER/GAUDET DOUNDARY CONDITIONS 1ND 1VALUAIED DATA. ST UNoTS.

RUN MD * 7I)TR* REP2m CF * Hi! H12K Pw PoU
x POD* PN/Pnt LEn0D CO 112 hh321 Tw To*
RZ TOO* SN * D? P12* H4,? 02K UD* TO

740201ol' O.2oo7 1.0000 9.57s6"#04 1.7700"-0o l.b09 L.2051 1.4202"+05 1.q282"*05
NM 1,4688"*05 1.0O00 9.6292"#04 NtP 1.8201 1.5200 2.8370+02 2.8168"+02
INFINIIE 2.8395"t02 0.0000 1.42O4"-02 0.0000"400 0.0017 1.4272"-02 b.1536"+.0 2.8370"+02

73020102* 0.2013 1.000 q.4304"+04 1.8300"-U3 1.26071 1.Z'6 1.3787"+05 o.$787k,05
NM 1.4162"#05 1.0000 9.4834'+04 NM 1.8233 1.8231 a.8520"+02 2.8310"+02
INFINITE 2.85451.02 0.000 i.45fl2'-02 0,0000"+U0 0.0015 I.4615"-02 6.79150+01 2.a20"'02

73020201. 0.3978 1.0000 9.44937"+04 1.7800"-03 1.2898 1.2364 6.84712"+04 b.8072*,041
NM 7.?6362"0O 1.0000 6.6503"+04 NM 1.8265 2 .S261 2.84b1"+O2 2.7be9"+02
INFINIIE 2.8565"*02 0.0000 1.321t"-02 0.0000"+00 0.0136 1.3317"-0? 1.3272"+12 2.846"+02

73020301* 0.5952 1.0000 8.11451+04 1.1600"-uV 1.3896 l.Z375 0.43360",O• .4336"+04
NM 5.6339"+04 1.0000 5.5141"+04 NM 1.8264 1.825S 2.8337'.02 Lbb65"÷02
INFINITE 2.4505'+02 0.0000 1I.739*-02 0.00004+00 0.0023 1.2998"-02 1,9•84*+02 2.8337"+02

73020401. 0.?904 1.0000 7.2951"+04 I.14600%-03 1.5286 1.2371 3.1465'+04 3.1065'+UO
NM 4.7510"+04 t .0000 7.928a"+o4 NIA 1.8074 , 1.258 2.833",02 2.5S52"to2
INFINITE 2.6745"+02 0.0000 1.1916*-02 0.0000"+00 -0.0150 1.236a"-02 2.533"+0U 2.83931o02

73020402 0.7930 1.0000 1.0879'+05 i.b500"-03 t.sa7 1.2360 4.7015",+u j.7015'"+o
NM 7.1172•*04 1.0000 1i.f31*+05 lIP) 1.8278 i.a2b2 2.8293"+02 Z.5045"'02
INFINITE ?.8645*+02 0.0000 1.17q?4-02 o.00004+00 -0.0096 1.2236"-02 A.53b2"+O9 2..293sNU

7.020403 0.7933 1.0000 1,4182*+OS 1.5800"-03 o.5Oi 1.232, 6.2479"#04 6.2479"+04
NM 9.46610"+04 1.0000 l.54622*05 NM 1.8292 1.8277 ,.839i"+O? 2.S31".02
INFINIIE 2.8745"+02 0.0000 1.1618'-02 0.0000'+00 -0.0102 1.2041 -0? 0.515"#02 2.8391".02

*73020501 1.39463 1.1000 1.370ZIt046 1.9700'-U3 2.10146 1.2S97 l.o812"*OI S.48121#03
NM 1.0990"104 1.0000 1.742S"+04 NM 1.8166 1.8118 a.81700+02 2.09284"02
INFINItE 2.9065"+02 0.0000 i.0315"-na 0.00004+00 0.0090 1,156-02 4,0442"+02 2,8170",02

73020502 1.951 1.0000 2,9589"+04 1.7bOO-03 2.15S6 1.2640 6.1239"+03 8.3239.+03
NM 2.6307'*40 1.0000 3.?6346"04 Nu 1.8157 1.8108 2.227?+02 2.0964"+02
INFINITE 2.9125"+02 0.0000 9.3327-03 0.0004O#00 -0.0236 1.0447"-02 4,.O50"0O2 2.8227"+02

73020%ulo 1.4003 0.0000 41.5b568#04 1.65041".03 2.1097 1.2477 1.372314V4 1.3?23*+04
NM a.3688'fOt 1,01)0M 5.6160'*04 NM 1.8255 1.8207 a.8a724o02 2.09s7"+00
INFIIIIIE 2.91750t2O 00001P 8.71*? 0-03 0.0000"+On -0.0029 9.7046"-03 4.0631+b01 2.8272'+42

7302O•oll 1.1909 1.0000 .7352**0o 1.5000".01 2.0688 1.201O a.6523"+04 2.6521*+00
NM 8.4393"*04 1.0000 l.t134+oQs NM .8.292 1.8245 d.79030+02 2.0687440a
INFINITE 2.87W9502 0.0000 .45831'-03 9.0000..00 0.0181 9.41360'0 4.03S70+02 a.QUP02

7302055 1t.4003 t.4000 9.60?6+064 I.A800"-03 a.1302 1.2401 ,301$,+04 3.0139'*Qa
IN 9,S936,404 1.0000 l.224S*+05 NM 1.8292 l*5i.O 1.1990"0+0 2.0708*+02
INFINITE 2.S8850402 0.0000 0.2420"-03 0.0OO00+00 -0.0200 9.1681"-0 4.0041,0+02 2.79900+02

73020601* 1.5970 1.0000 4.Oa41",04 1.5900'-03 2.3$95 .24156 .0699*+0O i.Ubqq*+Oa
NM M.5274+'046 o.0000 5.0625a40 NM 1.6283 1.8223 e.8091"+02 1.9320**02
INFI11III 2.9175"+02 4.0000 G.a50|"-03 0.00000+00 0.0D 3 9.d320*-O03 4.4Db6+O? .609V+O+÷

730?0702* 1.6002 1.0000 ,S55•8t04 1.5300"-03 2,6196 l.a4b 6.S312"#03 S.M32"20M
NM 4.9068'+04 1.0000 5.1760"$04 NM 1.6305 1.235 2.14789g.0? 1.7690N#02
INFINITE 2.91S5S+02 0.0000 7.71306-03 0.0000"00 0.0202 9.11yu"'-3 4.8005"40• 2.7894#0o

7Jo0opu0 * 2.000? 2.0000 3.|338*00 1.46,00'-O 2.8926 1.2ti•6 66b8tq"903 6.614103
N1 S.2299,tO 1.0000 4.9070'04 No t.8310 1.223 2.772'0,02 oly5.o?
INtllil1E 2.9135""02 0.0000 7.4463"-03 000001+00 0.osni 9.07;9W-oI 5.1019"+02 2.77260+02



7302 -H-2

CAT 7302 111!Tf.R/GAUDET BIOUNDARY CONDITIONS AND EVALUATED DATA. $1 UNITS.

RUN 40 * TP/lTR* RED2A CF H1 1a 12K PM PD*
x POO* P0/Po* 101~2D CQ H32 ti32K To To*
RZ T0Q* 3w * ba 2 1142 D2 uD. TR

73gao~ool Z.18465 1.0000 8.3321"+03 1.700n"-03 3.26148 t,2573 1.3475"+U3 .9'"Y
NM 1.4630"404 1.00O0 t.39W3+OM NM 1.6211 1.0110 ?.7578"402 j.ORqq-4U2
INFINHir 2.ql14s"+02 0.000a d.26771-03 0.00001+00 0.0420 1.0559*4-(? S.351II+u2 ?.7578*+02

730o00q2 2.1972 1.0000 1.7466"+041 1.4900-03 3.2783 1.Ml2 3.e427"403 3.24,!7"#j3
NM 3.I4522*+0'1 1.0000 2.901130+4 NM 1*8289 1.8180 2.?S80"402 1.o4634"+V2
INFINITE 2.9165.O02 6.0000 7.d1108-03 0.0000*f00 0.04214 9.45?9".03 5.3662"402 4.?Sdq"+vl

710?0903 2.2014 1.0000 2.7113*O04 1.3fl00l-i3 3.2913 1.2457 b.'4045".'03 5.40,4S"oUl
NM 5 7915'0+04 1.0000 'I.5791*+04 NM 1.832b 1.822S 2.TS76"402 1.'46054+02
INFT141TF 2.9155"+02 0.0000 6.6874*-03 0.0000"*iJO 0.0322 b.72060-03 5.370s"+02 2.7376"+U2

73,020ogo 2.20644 1.0000 M.9459"+014 1.28400'-03 3.3165 1.a308 1.0458"014, 1.u4s8"+uq
NM 1.1295m*OS 1.0000 6,376,1104 NM 1.0381 1.8287 2.7361)"+02 1.146bl"*ul
INFIWIdF 2.8935"t0i 0.0000 6.'e0760-03 0.0000"t+fl 0.0141 5.0676*-03 5.3560.+02 2.736S"+02

73020905 2.1q84 1.0000 1.08b4*i044 1.6100*-03 3.5115 2.dadd 1.91020+03 1.9lb?"*u3
NM 2.0438"*04 1.0000 1.8153*i04 fil 1.8132 1.R013 2.7247"+02 I.QbW7+02
INF1141TE 2.88OS'+0l 0.0000 7.6500'-03 0.0000"+00 -0.0392 1.0022"-0? 5.334S0"+02 2.12147*+u?

73020906 2.1992 1.0000 t.141424+64 I.S0000-03 3.3233 1.2722 ?.54471"+03 k.0'47t*+u3
Nm 2.7201o+04 1.0000 2.35794+04 NM 1.8207 1.8096 2.71426"+02 1.0730".4J2
INFINITE 2.89fiS*.02 0.0000 7.S812"-03 0.00000.00 0.0343 q.7108"-03 S.3530"+02 .'2.u

7302090? 2.200 1.0000 1.bbS3,oo4 i.'49oo-03 3.14495 1.2694 3.1937"+03 3.19371.03
Nm 3.0176*+04 1.0000 2.S123*404 Nm 1.8223 1.8118 2.7521"+02 1.4761m#0?
INFINITE ?.90950+02 0.0000 7.10149"-03 0I.0000"+00 -0.085 q.1992"-03 5.36390+02 e.75211+02

*73020408 2.2012 1.0000 1.692b"s04 1.14600*-03 M.0814 12.620 3.6033"#o3 3.6033"*03
NM 4.07044.00 1.0000 3.1955#014 N10 1.62'33 1.5153 2.76330902 1.4837"40a
INFINITE 2.9215"+02 0.0000 6.85110-03 0.00004+00 -0.0581 a.5231"-03 5.37580W4U 4.7633"+U2

*730200014 2.1025 1.0000 2.l842,+o4 I.43001-03 3.41343 1.0568 4.43451*03 4.41345103
NM4 4.7603"t04 1.0000 3.6971"*04 PRA I.685 1.8180 R.T699*+02 1,086W+~02

*INFINITE Z.9255*+02 0.0000 6.40116"-03 0.o0000".Oo -0.0263 6.7171"-03 5.3839*402 2.7699"+02

730904110w 2.200o 1.0000 2.S49S,014 1.31000'01 3.0721 1.1533 5.546%",03 5.346S*+03
NV .52'O 1.0000 4,.3074"+014 NIA 1.6307 1.5207 2,7726"+02 1.4869"+02
INriNtmE 2.9315"+42 0.0000 6.580A1-03 0.0000"400 -0.0446 8.44304*-03 5.36851+0P 2.77211+02

73020911 2.20514 1.0000 2,9189"+04 1.37001"-03 3.3878 1.2S10 6.26764+03 6.2676".03
N10 b.7802"4614 1.0000 5.03S51+004 Nm 1.6316 102119 2.7104~*+0 1.4a?87020
INFWIITF. 2.9335*+na n.0000 6.5379"-03 0.090v"+00 -0.0068 g.30q99-03 S.S920*02a 2.77'4"4*+1

73020912 a.2064 1.0000 3.15004"+04 1.3300"-03 3.4064 1.21403 7.52014*+03 7.5204*403
N10 5.12230#04 ',.0000 5.9189*+04 NM 1.8301I 1.8124S 2.77421+.0? 1.46631+02
INFINITE 2.9335"+02 0.0000 6.141830-03 0.0000"+00 -0.0119 6.1801.043 S.3933N*02 2.7142"+U?

732 1 .2071 ;'.0000 0.0903*+00 1.3100*-03 3.4179 1.2431 B.80380+03 8.5038*+v3

NM9.5186"+04 1.0000 6.79qg*i00 NM 1.83s7 1.8264 2.77143*+02 1.14859"+02
INFINITE 2.9335"1402 0.0000 6.294%'.03 0.000o0+00 -0.02514 7,9474"-03 5.39141'+02 2.77143otO?

7302o41'l Z.2082 '.0000 O.653?0+0O 1.2900*-03 3.3832 1.215 1.02720+u4 1.0272"+04
NM 1.l125*+05 ,0000 7.6719404 'Im 1.8362 1.6271 Z.77991402 1.14902"*02
INFINITE ?.9395"+02 0.0000 b.25S57-03 0.06000+00 -0.0101 1,92141"-03 5.4010'+02 2.77904s02

73021001. 2.14010 1.0000 2.1S270+04 1.3500*.03 3.71408 1.2461 4.2027"003 14.2027"#03
NM 6.t8636t00 1.4000 3.9815"+04 NP' 1.6330 1.82114 2.7502"02 1.3S66.0+0
INFINITF 2,9225*O02 0.0000 6.2427"-03 0.0000"$00 0.0080 d.2430"-03 S.6~0961#02 a.1102*+0a

73021101. 2.5993 1.0000 2.02621#04 1.2900"-03 4.03430 k.2492 3.03110*03 3.14311"+U3
14" 6.8359"*04 1.00M0 3.990?",04 FNTm  

1.83144 1.8106 2.7462"402 1.2468~040
INFIfiTEf 2.931s5.01 9.000Q 6.?P00$1-03 0.0000'400 Q.QOSS 8.5716'-v3 5.6192*402 2.74624Jý2

73021201 2.1844 1.0000 S.4382*03 1.5300"-03 4,%242 1.2555 7.1197'0+0 7.13'07"*02
NH 1.9965**00 1.0000 i.15630+04 NM 1.86a2 1.8127 a.?072**02 1.135lO+02
INFINITE 1.9015*#02 0.0000 7.1122"-03 0.00000,00 0.0%24 l.0306"-02 5.9s585.02 2.7071.0+0

73021202 2.797a 1.4l000 l.1064*.04 1.3200'-03 4.S046 2.MS0 1.6936*403 I.8936**03
NM 4.%766,004 1.0000 k.IS61e0+4 NW' 1.827? 1.0130 2.?3470#021 .11429*0+0
INFINITE l.931%5.0Q 0.0000 6.1612*-03 0.00000.00 0.0084 B.8605*-4i3 S.94580+02 J.73147*.0

73081103. 2.7996 1.0004 1.715324+04 I.210-us 14.S441 1.280* k.8189.+03 2.41av*.03
NM 7.64S4.+04 1.0000 1.7394*+04 NM 1.6410 1.6231 2.712154+2 I.1367**02
INFINITE 1.916%4*42 0.0000 S.16242"-3 0.O000~00+ 0.0314 *.2116*-03 5,98491+02 2.7122S"02
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73020402 WINTER/GAUnLT PROFILE TARULATIO"N 39 POINTS# DELTA AT POINT 39

1 y PTZ/P P/PD TO/TOO M/MD U/UD T7/0 RHO/RtHOD*U/UD

I 0.0000-1.00 2.0000*+0O NM 0.98761 0.00000 0.00000 1.11282 0.00000
2 3.048O*O'4 l.2229*+00 NM 0.99206 0.4Q664 0.51710 1.083?0 U.47736
1 3.5560"-04 l.2098"+O0 NM 0.9920C 0.49003 0.51020 1.08i404 U.47066
4 9.3620"-.04 1.1367"+00 Nm 0.99323 0.54458 0.56540 2.077q4 0.52452

k 1.1938"-03 1.1492"+00 NM 0.99353 0.56762 0.58850 1 .07093 0.54746
b 6 1.4'478"-03 2.1590*+00 fNm 0.99414 0.54513 0.60610 1.07297 U.56468
7 1.6002'-03 1.1617"+00 NM 0.09427 0.58962 0.61040 1.07239 0.569S7
a 2.0844*-01 1.I7006t00 NM 0.99438 0.60402 0.62490 1.07033 0.58384
9 4.5400--03 1.1789*040 NM 0.99473 0.60879 0.63969 1.066311 Q.59866
10 3.0984"-03 1.1911"+00 NM 0.99520 0.63825 O.bS8

9
0 1.06576 0.1;1824

It 3.0454'2-0 1.19311+00 Nm 0.99507 0.6422b 0.66280 1.06497 0.62237
22 4.2672"-03 1.20S30#00 NM 0.945s0 0.66009 0.68040 1.06248 U.64039
13 5.0'546"-03 1.2092"400 NM 0.99534 0.66445 0.68460 1.06056 0.64489
14 6.4770'-03 1.2212"400 HM 0.99627 0.683S2 0.70350 2.05933 0.66420
is 7.4940*-03 1.23671#00 NN 0.99669 0.70533 0.72480 2.05547 0.68638
26ý b.89001-03 1.2435'100 NM 0.99667 0.71465 0.73380 1.05430 0.b9601
17 1.1252'0-0 2.PS391#00 NM 0.99717 0.72869 0.747S0 2.05230 0.71035
to 1.2ZW4-02 1.26t60900 NM 0.99691 0.73878 0.75710 1.05070 0.72091
19 i.50370-02 %.1o228$0O hM 0.99740 0.74805 0.76620 1.04910 '1.73034
20 l.7501*.02 2.261spi,00 NM 0.997102 0.76411 0.78070 1.04658 0,74hit
i1 2.2606"-02 .270 NM 0.99855 0.76320 0.80010 1.04361 0.7666S
22 2.51971-02 1.30m0nf90 lip 0.99855 0.79619 0.81240 1.04113 0.78031
23 3.0226"-02 1.32031#00 NM 0.99864 0.82057 0.82600 1.03843 0.79543
24 J.5560".02 1.33440#00 NM 0.99908 0.82056 0.84120 1.03574 0.01218
25 4.0564*-02 1.3452"*00 NM 0.99909 0.413842 u.85230 1.03338 0.82477
26 4.549I*-02 1.115710+00 NM 0.99935 1.dS139 0.86'150 1.03104 0.53048
27 5.0720~-02 1.3649*+00 NMA 0.99966 0.86394 0.67630 1.0?bfl1 0.85076
all b.56771-02 j.3jq5o+00 NM 1.00032 0.87497 0.811680 1.02722 0.86330
29 u.1214*-02 1.39191+00 NM 1.00082 0.88762 0.b9870 0.02512 0.87668
s0 6.6292*-02 1.4004"t00 Nm 1.00072 0.89815 0.90650 2.0233 0.88599
31 7.0?64"-02 1.4lf06"+00 NM 1.00156 0.90620 0.91610 1.02297 0.89640
3R 1.6022"-02 l.42W*~00 NJM 1.00126 0.91706 0.9P590 k.01937 0.90631
33 8.0722*-02 l.44s5*+00 NP 1.00092 0.93947 (0.911660 I.0li)?4 0.93240
J4 1.0140*-01 l.46461#00 NMA 1.00271 0.96063 0.96610 1.01141 0.95516
35 1.1410*-0l 1.46113*00 NM 1.00262 0.97547 0.97940 2.00800 0.97156
3b 1.2677".01 1.4997-40l0 NO' 1.00284 0.98797 0.99070 1.00S53 0.98525
37 1.39550-01 1.S0809*00 NM 1.00l41 0.99510 0.99660 1.00300 0.941360

*38 2.5227'-02 1.4;129"+00 NMA 1.00073 0.99925 U.94970 2.900090 0.99880
0 19 1.64900-01 1.5138"+00 NM 1.00000 1.00000 1.00000 1.00000 2.00000

INPUT VARIAI2LES Y.~lJUDNNO/P110D ASSUME PiP0

730a'soli W1NTW~G0UflET PROFILE TABULATION IR ROINTS, DELTA At POJINT 38

*I YP12/P P/PD T01100 14/MD U/UD W/D2 RHO/14N00*U/UD

1 0.00006*00 1 004100+00 NM 0.96692 0.00000 0.00000 1.346119 0.00000
4 3.04501-04 1:3432'+00 N0 0.97994 0.47357 0.53030 .25395 0.42290
3 3.5560*.04 1.331901400 14M U.97961 0.410q8 0.5?760 I.asqeq 0.4ao043
4 6.1620".04 1.42204,00 reM 0.98296 0.52989 0.57780 .23612 0.46743
s 1.19301-011 1.46330#00 Nv 0.94265 0.54230 0.59960 IN22102 0.48866

*6 1.4478"-03 t.S0l4*.00 hm 0.96306 0.56034 0.62880 2.21450 0.50740
7 1.60020-03 l.5060"'00 NM 0.98399 0.54254 Q.b2100 1.22665, 0.50918

6 .11144"03 t.s6p0"(10 um 0.98531 0.510867 0.04690 1.20761 0.535fiq
9 2.5400*-03 l.19104"00 tmM 0.98600 0.60182 p.65980 I 20295ý 0.54894
10 S.0966"-03 1.631.'"$00 tip 0.98663 0.62856 0.07600 2.294341 0.5660

22 1 .4544*-01 1.6306**00 MjM 0.98725 0.62202 .094190 2.2933'. 0.569 1
12 4.2672"-03 1.6895*+00 KIM 0.98705 0.04044 0.09680 1.18371 0.58865

is .O5460-03 1.79404"00 lmM 0.98824 0.65,149 Q.70940 2.17043 0.60149
14 6.4770*-03 2.7618t00 NM 0.98806 0.b692% 0.72420 1.27098 0.61846

15 7.49300-03 1.a3206*000 NM 0.99018 0.611999 0.74370 1.16273 Y.*4027
26 6.8900".05 1.84764*00 NP 0.99020 0.69919 0.75200 1.1%676 0.615009

1 .02110-02 1.67230+00 NM 0.99052 0.70719 Q.75950 1.15276 V.011866
S0 21220 1.91008+00 NM 0.99127 0.71960 0.77870 1.14701 0.67180
19 .2294*-01 1.9361**00 NM 0.99148 0.72784 0.77820 1.24281 Q..04100

2 0 1.50W~.91 1.966%0+00 NM 0.9*250 0.73714 0.78680 1.13897 0.69080
at1 .26060-02 1,11320+00 10, 0.99467 0.78007 0,82090 2.11706 0.731777
A2 2.5247*.02 2.1567,4@o mM 0.99484 0.19211 0.83520 2.11149 0.7533
93 1.02al6o-02 a.22400+00 N14 0.99611 0.01074 0.85130 2.20255s 9.77912
24 3.5160*.021 .3040"+** NM 0.99701 0.83204 Q.866%0 1.09219 0.74520
as 4.01164102 1.3699"*00 NM 0.99796 0.84766 0.88250 1.08310 0.24191
16 4.5491*-0l 1.43116"+60 NM 01"91110 0.86451 0.89660 1.07%15 0.83365
27 %.0720-02 1.50960+00 NO 0.90991 9.88258 0.92050 1.06661 0.8539
as S.S6771" .69'0 NM 1.00079 0.89557 0.92200 1.059fq 0.86190
29 6.12204*31 .3360 NM 1.00290 0.91112 0.93470 2.0,W19 9.88133
30 6.6tOV-02 11.6941"*00 NM 1.002141 0.92426 0.941140 1;0M526 0.901196
31 7.07640-02 2.74586400 N04 1.00295 0.9)5SO 0.911380 1.03950 V,92111
32 7.60820-02 l.b0321+00 NM 1.00403 0.94806 4.96380 1.03349 0.93257
3s 6.11728~0"C .1.91980+00 NMd 0.00600 0.97297 0.96$30 110211s U.962716
34 1.0140"01t 3.401144,00 NM 0.00723 9.9;080 0.99690 2.01235 9.98474
3S 1.141@0*1 3.03634#00 NO 1.00594 0,99714 1.00090 1.007%6 Q.99319
16 2.1677020 3.044111"M NM 1.00392 0.99644 1.00110 2.004s2 0.99669
37 t.$9516-01 3.04111P*40 NM 1.00125I 0,99955 2.04000 2.Oadst 11.941430
11 3 1 .3117".01 3.0503**@8 fil 1.00000 1.00000 1.00000 2.00480 2.00n80

INPUT VARIABLES YoUIUMHO#8N00 ASSUME PaPO



7302 -C-2

73020906 v I'IITER /GAUDE T PP'WILE TAAULAYION 35 POINTS, DFLIA AT PuXNT 3%

1 y 1PT?/P P/PD TO/TO H/tMI) U /U)) 7/7v HHO/RHO1 ,ILJ/UU

I U.0000"toO t.00no",no NIII 0I.Y4516 0.00000 O.00000 1.136,46 0.00000
2 3.0484"-0'4 I.%886*+00 14I' 0.90)2w 01.34197 (i.q'13?0 I.11,611 U.29636
3 q.15520"-0l4 I.QO?5',fl0 NM 0.06913 0.Ll5b21a 0.,740. 1,581793 v.3h~O7
,j .2192"-Ol 1.4b8u"+00 Jim U.96971 O.Q41,30 U.5687() 1.)7111,0 Q.371412.

5 1 .,4,7 8"- 31 2.03101+00 NP' 0.97164J 0.481PS 0 .6 11 ) I.Sh2sd 0.385502
b 1.!046"-01 2.0580*+Oo IP ().97212 u .462~3 u . .69v I.5s76 3 U.3111963
7 le.6'l6*-03 2.2454"+00 NP 0.97506 U.51'400 U.0(4014 1.52253 U.4~2061
8 3.04l80"-03 2.34148"1100 top. 0.976444  0.511124 0.65660 1.50I416 0.41N1131
9 3.boba"-443 2.4467"4,00 111j. 0.97126 0.55124 u.612t0 1.4665S 0.45212

to 4.7244'"-Ol 2.5871"+(10 111' 0.94004 0 .37 2 35 u.b9pit I 1.06477 1 .'7291
It 4.95301"-01 ?.5750'*fo lip 0.979saf 0 .57057? U. b69() 1.46620 0.47119
12 ,,.2731*-011 ?.7'190'i0J lip 9.90190 0.S9551 (.71 4q0 L.43665 0.446~51
13 t.'l1d8"-I)3 2.8760-1,0 14W 0.991343 0.61130b u.7104u 1.41945% u.51457
14 8.84001-03 1.98115"tou lop' 0.98469 0.6P742 U. 7 43 1') 1.140351 U.112960)
15i 9.93i'"-Ol 3.05W+00o 10A 0.95ss U.b3690 U.75190 1.3,C173 0.539&:q
16 I.0643"-O2 3. 1 M*00 tip' 0.98611 9.641481 0.7SM60 1.364011 0.541809
17 1.2294"'-Q S.2100#.00 IIM 0.9ab71 0).6Sb56b 0.76irlbu 1.370410 0.51,085
18 1.'1961".02 3.37991*+fl lip 0.99483 1).67740 U.78868 I.Isb93 o.%fl174
19 1727?"-0? A.q905*+40 f441 0.941015 0.6944466 U.797S0 1.j3j33 0.5q612
20 1.9b344*-Oe 3.5910"4000 1`110 U.gq103 0.702416 u.80,710 1.52013 u.61138
21 2.24103"-02 3.71:11'5',0 NAA 0.99230 o,7 18ol 0.81960o 1.30245 V.612904
.e2 3.0277"-02 'l.09%7*o,04 JIM 0.499679 0.75571 0.815120 1.2586b U.4,7626
21 1.5560'-02 4.327b"400o fllt 0.99613 0.18313 o.ebqSU I.2327a 0.10S34~
24 11.0I53".02 LI.52471+00 NM' 0.999a9 0.60127 0.89410 1.21[1340 0.7a462
25 '1.SbIIP'-4J 4.7628a',na fim 1.00M2 u.6?692 0.qo090 I.1869I1 0.75901
26 5.0851".02 '1.9816*.9U qpl 1.003443 o.844823 u.915?0 1.16414 0.71`616
27 S.5626*-02 5.11763'"fi li". 1.004s0 0i.gb65 0.9P720 l.14'182 0.650M9
28 6.1062'-02 5.4048"400 rtA 1.U07214 0.68741 U.914120 1.12411116 0.83673
29 b.6192*-02 S.bo9j.+tfMI) I 1.0)739 0.905'I4 0.95220Q 1.104197 u.66174
s0 7.0815"-112 5.78911"opl0 1~ .011921) (.92111 0.96010 1.06992 0.6629L

31 7.6048"-,OP 1.9876"o.v III., 1.0101114 0.93869 .97280 1.073541 0.40610
32 a.5773*-Oa 6.3552"+00 N' 1.0Ih?'a 0.9122l1 0.992pu 1.0111111 U.95s01
$3 l.0I'Jo"-OI 6.1526114,00 )Idh 1.01541 1) .9Q2 15 1.003 to 1.02302 9.98M9
34 i.1417"-01 6.7106"+00 111! 1 .wisfia 0.99900 k,001114o 1.610402 U.99700

D 115 1.2687'0Il 6.72311+00 1114 1 .0MO0 1.00000 1.01)(100 1.00400V 1.001000

INPUT VARIABLES Yo.U/UD0RH0RIM0 A1i'OUHI. PwPI)
AT lul DAY& WERE AVERAGED

730209100 WINTER/GAUflEy PROF1ILE TAOIJLATION IS POINTS# DELTA AT POINT 35

I y PTP/P P/PD T0/TOD M/M'4 U/UO T/TD RHO/RIIOQ*U/UD

I 0.90000"opu l*0000",Oo NP' 0.94579 U..00000 0.00000 1..86066 0.00000
2 4.0lI80"-04 t.62`591+00 lipI 0.96728 0.39160 0.15011150 I.bS97% u.30396
3 9.bsa0*-04 1.93911"+00 NI' 0.97402 0.146310 U.511390 1.58419 0.36134
14 1.2192"-03 ?.00970+00 Nm 0.97S11 0.47866 0.59820 1.574114 0.37956
'3 14*4Ll7R03 P.07130+00 NP' 0.97596 0,46805 0.610114 1.S6240 0.390416

*6 1.57448'-03 2.1011111400 1414 0.97649 U.494464 41.61710 1.55s21 Q.34680
7 i.61a16. 2.1122+00 10I 0.9764S5 0.52932 0.6160 1.51630 9.42986

*a A.01460".03 ?.4210000o NH 0.95013 Q.54054 0.66900 1.49413 U.441656
9 1.61168".03 2.%3194+00 94P' 0.98175 0.563445 v.091530 1.47929 0.46326

1o 4.72110-03 2.6640+600 lom 0.96319 0.553%5 0.70430 I.45666il V.46550
It 4.95100-03 2?.6427'.009 14M 0.9614361 0.S7971 0.70120 1.46106 V.47927
12 6.27W-61- 2.811469,00 Nia 0.94512 0.40834 0.7271U 1.Z2657 u.50697
is 1.u4l68*-0S ?.9e?4",fl0 fim 0.96728 0.62118A Q1741111 1.41214 O.5491
14 6.8000*.03 3.07630+00 NP' 0.96760 0.61,871 0.754430 1.39474 0.54061
15 9.9114*-03 3.14131#00 fil' 0.96824 0.6117791 0.7o,210 1.38408 0.55062
16 1.06930-02 3.2A351+00 14M 0.9490S 0.65466 0.76911) 1.376116 0.5.581?
17 1.22'114".04 3.3vl1"04 NI' 0.96969 1,06697 0.77650 1.36ZQ0 O.571412
to 1.4961"-02 3.47`524+40 NuM 0.94150 0.66797 0.796)U 1.33905 o.69453
19 1.Mal72~0 3.59626+00 Nk 0.99164 WOW21 0.844730 II.3218 0.6107Z
2 0 1.96114*-0 3.6897*+00 laM 0.99M3 0.7t292 V.61540 1.30976 0.62294
a1 a.allol"-0& 3.82044+00 tim 0.91Z177 0.a7377 0.82770 1.39366 0.63961
2a1 .0277"-02 M.?Ooa.*00 NM 0.99596 0.761posl 9.85870 1.24719 0.64685
23 3.S%60*-02 4.43614+00 lip 0.9991? 0.743?6 0.87710 I.M249 0.71747

24 4.0153*'01 4.6367',')0 NV' 0.99975 0.0134S 0.891411 1.19976 v.74265o
a% 4.5611"01 411.M7550Qp N"M 1.001S0 0.1161610 0.90710 1.1750Y 0.77194
a6 9.006l".02 ol.alo7"o,0 11110 1.00512s 0.05766 V.14P110 1.15340 0.19659
il7 5.56W6-ga 1.29450#00 tip 1.00404 0.87623 0.91300 1.13379 0.6122411
286 .1l'W2-02 5.51640+00 lip 1.00591 0.69bis Q.qw6lu 1.113sq U.84460
29 6.1119V~-02 S.72600#1l0 ti494 1.007131 0.911525 0.99760 1.091169 U.87477
30 1.0615"-01 11.90151+00 NMf 1.00736 0.930416 0.96640( 1.0787% v.419565
I1 7.o0096-02 N.4f1~0 tP' 1.00926 0.911105 0.9741110 1.06336 0.91830
34 11.6773".O2 11.471'"400 NM1 1.01107 U.97816 0.99420 1.03306 41,96239
33 1.0140*-0l 6.6702"+40 rimI 1*00917' 0.99446 i.v0200 1.01ba3 U.986641
34 llI?01 6.75;011000 rim 1.00?51 u.94950 1.00100 1.00301 0.098000

0 35 1.26571-l11 6.71,11L00 N" I.r(080 1.900000 11.00000 1.400094 1.00000

INPUT VAPIAULC8 VUlUOPI11/910"O AISU149 P1P!)
AT 1.3 DAIS WEREL AWLN1fILI



7302-C-3

73u2 101o WINTLRt/G AI'T PROFILE TAMULOTION 38 PUINTS, DELTA 47 PUINT 38

I Y P I/P P/PD TO/10D 1I/T4T) U/WU T/10 RHTI/RHOU*U/UD

1 O.01OO"+0O 1. 00o"+00T N1' o.9367V 0.0o000 u. OOO0 !. feA3 O.00o000
Z 3. 0M3),-04 1 .72b-)- +n) I. 0.954q5 0.35340 vQ. 407 1.92012 v.25504
3 3.5560"-04 I.6864"fTo r." 0 .9W7 1 U.30521 o.47950 1.q2q38 0.2413se
'I 8.3820"-u4 2.1068"#00 tF 0.96050 0.12526 0.•7290 1.81P198 v.31567
5 1. 191"-(3 2.2623"+'0 I;, 0 .962114 0.441q9 0.59130 1.79051 0.33024
b 1 u 78"-o5 2.306O"4+% W;'F 0.97160 u.456b3 u.60910 17P3214 3.3'41587 l.6002"-03 2.2917 •+•01 W' 0.96322 U.45984 0.61030 1.76149 0.34b47
8 2.8'044-03 2 .61929010 Ti" 0.96490 0. 4867 0.64000 1.71521 0.37312
q g! :o54-00 3 2.7006*'Il) P 0.96626 0. 4988 Q.65020 1.70068 0.383•2

10 3.0q88"-0 2.&*,26"+OU IIrA 0.96675 0.51647 0.bb7bu 1.67%84 0.3995b
11 3.45411"-03 1.9360"+0TT Tim 0.95966 0.52621 0.67430 1.64204 0.41065
12 4.26702-03 3.0632100 fO m 0.9708 0.54.5014 ~bo09q I.h6361 0.42228
13 5.o06b-n3 3.22S53'1+00 NM 0.97133 0.5575T 0.70720 1.60823 U.43967
14 b.47701-03 3.4127"+Ou tiA 0.9712qq 0.57102 0.724ou 1.57778 u.4S93B
15 I.4q30"-Ol 1.5618"+,0) !il 0.9738O 0.Sq218 0.7311) 1.55351 v.47511
lb 8.8900T-03 3.6814"+00 NI 0.97s50 0.60370 0.74840 1.53681 0.48691
17 I.0211"-0? 3.0171"÷00 NltO 0.97t83 O.b1S93 0.76190 1.51240 0.S0377
I 1.1252-02 3.96484"00 W4 0.97706 O.o2900 0.79qho 1.49101 0.51409
19 I.2?94"-A2 4.0220"*60 14?1 0.97888 0.v1579 0.77570 1.4885. 0.52111
20 1.5017"-02 4.?3q91'0o rim a.98010 0.65538 0.7910 1.•45815 U.54274
21 1.1501"-02 q.i112""C'0 tiM 0.80A5 0.67000 0.80310 1.41T72 0.55976
22 1.9837"-02 4.5S6?6'*00 rim4 0.983010 0.611347 0.81360 1.14t?03 Q.57416
a3 &.2606"-02 4.71177,00 rA 0.98442 0.70233 0.627?0 1.38884 U.S9594
&4 2.3197"-02 4.93?9'00 lapM 0.q8554 0.71422 0.83650 1.37174 0.60981

25 1.026*-02 5.3016÷o00 NN 0.9880 0.743S2 4.8`5740 1.32974 0.64476
2a s.5560o-op 5.46670100 tiM 0.9902 0.77141 0.87660 1.?9132 0.67084
27 .0St6q-02 s.9838'i'Q NM 0.99227 0.79481 U.9qlO 1.25865 0.70846
28 4.5401"-02 6.31 47"÷+fl0 lM o.99398 0.81880 0.900O? 1.2262a 0,73942
29 b.07200-02 6.671'41+00 NM 0.99606 0.84330 0.9)2160 1.19c32 0.77166
30 5.5617"-u2 6.991414+00 IJm 0.94113 0.b6499 0.93,42 1.16618 0.80099
31 6,|214"-02 7.1162"400 N" 0.99858 0,88827 0.90490 1.13630 0.83327
12 6.6192'-02 7.6543"+00 10 1.00019 0.90805 0.95770 1.11i3b u.86097
33 7.07609-02 7.9357"+00 NM 1.00166 0.92579 o.96710 1.09135 0.80615

34 7.6022"-02 8.2414"0110 NP 1.002S3 0.94458 0.97650 1.0U672 0.91371
35 d.8722T-02 8.8192"'00 TJm 1.00446 0.97q20 0.90320 1.02881 0.96539
36 1.1410"-01 9.16I10÷00 NM 0.96947 0.99910 0.90910 1.00000 0,99910
37 1.2677"-01 9.1801"+00 Nm 1.00023 1.00020 1.0o020 1.00000 1.00020

0 38 1.q355'-01 q.t16"+o00 rip 1.00000 1.uo000 1.00000 1.00100 1.0000Q

INPUT VARIAULE3 Y UrUOQHO/RHOD ASSUME PsPD

730212034 bvItTER/GAUnET PROFILE TABULATION 36 POINTSP UELTA AT PuLiiT 3P

I v P12/P P/PD Tu/ToO H/M0 U/UD TI|D RHO/RHOU*

I 0.U0004"00 1.0040"+O0 NN 0.9,328 0.00000 0.00000 2.39512 0.V0000
2 3,0800-04 1.77q2,+fl0 NIA 0.95165 0.33786 0.48640 2.07254 0.23469
3 3.5b05-04 1.7929"+00 NiM 0.95176 0.34030 O.W489 2.06825 0.23662
9 8.3820"-04 2.21148"00 NN 0.95806 0.41448 0.57700 1.9374b 0.29773
5 1.19358-03 2.4300+090 NM 0.96014 0.43143 0.59bo0 1.908640 0.3123u
6 1.447?d-03 2.5'166'÷oo Nm 0.96147 0.44531 0.61110 1.88324 0.32419
? 1.6002"-03 2.5929*÷00 NM 0.96302 0.45068 0.61720 1.87547 .32904
8 2.1840'-03 2.369*+00 14M 0.96423 0.47784 0.64520 1.823t5 0.35389
9 a.5400'-03 2.92080+00 NM 0.96449 0.46•77 0.65410 1.80571 0.36224

10 3.095*8-03 3.0840*+o00 N 0.96716 0.50361 0.67130 1.77683 4.37781
11 31.4594-03 3.20W8+00 lip 0.96768 0.51528 0.68250 1.75439 0.3890e
12 4.2672'-03 3.11l28'*00 N1 0.96057 0.5?899 u.64550 1.72861 0.,0235
I1 5.05960-03 l.il0s"+00 Nli 0.97062 0.54559 0.71120 1.69924 U0.1854
19 6.4770"-03 3.7674"+00 NM 0.97357 0.56618 0.73200 1.65475 0.44103
15 7.4q3O*-O$ 3.92s1*+00 NM 0.97366 0.58199 0.74370 1.63292 0.45S44
16 6.8900"-03 4.0712*÷00 NM 0.97993 0.54448 0.7s050 1.61082 0.96839
17 1.0211.-02 4.2497"+O0 Tfi 0.97b21 0.60937 0.76700 1.58428 0.98413
18 1.1252"-02 4.36t24+10 Nm 0.97126 0.61547 0.77060 1.56863 0.9381
19 1.92911'".02 4.4642"+÷1O Nm 0.97840 0.62676 0.78150 1.55473 0.50266
J0 1.5017"-02 4.7272*÷00 NP 0.97903 0.64742 0.79740 1.51694 0.52565
a1 1.7501*-02 4.93n7T+00 NM 0.98077 0.66245 0.80950 1.99098 0.54293
22 1.9637*-02 5.260*+00 Nm 0.99690 0.67752 0.6?660 1.40854 0.5s551
23 2.2606"-02 5.3867"+00 N" 0.9A435 0.690b5 0.63450 1.43575 0.58123
29 2.51971"-01 5.8A3]*00 NM 0.91117 0.71032 0.84430 1.91283 0.59760
a1 s .0226"-12 6.0240N+00 NM 0.91826 0.74066 0.66510 1.3642t 0,63412
26 3.55601-02 6).741"+00 NM 0.99112 0.77033 6.88450 1.31639 0.67089
27 41.05b4'-02 6.56731+00 rim 0.99431 0.79532 0.89960 1.27943 U.70313
28 4.5149"-02 7.Pq3"+o0 NM 0.99401 0.62182 0.91540 1.24069 v.73761
29 5.0720-.02 7.72971+00 NM 0.99723 0.84751 0.93010 1.2043B 0.7722b
30 5.5677"-Ol A.|233*,00 NM 0.9q570 0.87029 0.94230 1.17R33 0.60378
31 6.1210"-02 5.1607"+00 NM 1.00162 0.89490 0.95560 1.19025 4.83806
32 6.6192"-02 6.9690-+00 NM 1.00313 0.91728 0.96690 1.12111 0.87021
33 1.0764'-02 9.29170400 NM I.0571 0.93459 0.97570 1.08992 0.89520
31 7.602"-02 4.6631*400 NM 1.00827 0.95411 0.98540 1.06667 0.92.381
3s 0.87211-U2 9.66594+00 NM 1.00839 0.95426 0.9$510 1.06655 0.92400
36 1.1410,"-0 1,0542"÷01 NN 0.99854 0.99880 0.99890 1.00000 0.99880
37 1.2677"-0| 1.0562"÷01 NM 0.99976 0o99960 O.qqqo 1.00000 0.99980

D 35 1.3955"-01 1.05671+01 NM 1.00000 1.00080 1.00000 1.0000 1.00000

INPUT VARIABLES Y#U/UDJRHO/.PIOD ASSUME PwPO



7303-A-I

M,: a) 2.0 b).3. 4. 7303
[ R THETA X 10"3 : 10 - 80

ITW/TR : 1.0 ZPG - AW

Windtunnels a) sy•mnetrical flexible nozzle, b) asymmetric block nozzle. Both: W - H 1 2.22 m, continuous,
30 minutes settling time. a) PO : 0.07 WI/m2 TO : 314 K. b) 0.02 < PO < 0.62 MN/m2 . 339 < TO < 352
Dried air, dew point 244 K. 2 < RE/m X 10-6 < 17.

ALLEN J.M. 1973a. Evaluation of compressible-flow Preston tube calibrations. NASA TN D07190.

And Allen (1972). and private communications.

I The test boundary layers were formed on the flat side walls of the two wind-tunnels by expansion through
two-dimensional nozzles. For a) the test station was "about 5 m from the throat" on the centre line of the
test section wall, while for b) it was "midway of the test section" which was 2.13 m long. The test section
walls were not cooled and were allowed to reach equilibrium temperature. The surfaces were smooth to 0.8 rm.

6 Wall shear stress was measured using a commercial balance (Kistler, d - 9.27 nmn) as described by Paros
(1970), and a wide range of Preston tubes (d1 from 1.3 to 48 me) were used as the principal aim of the
investigation was to calibrate these. For case a) the static pressure was measured at orifices on the
tunnel sidewall about 1.6 m upstream of the test station.

7 Pitot pressure profiles were taken using an asymmetric FPP for which hI * 0.26, h2 * 0.08, b1 u 0.88 (E) nn.

8 The wall thickness next to the tunnel wall was 0.13 mm. The profile normal was "a few cm" upstream of the
balance centre, no adjustment to the values being made as it was estimated that the difference would be

9 below 0.03 % in CF. The static pressure was assumed to be constant throuqh the layer and equal to the
10 value calculated from Pitot measurements at the boundary layer edge. No Pitot corrections were applied
11 and Sutherland's viscosity law was assumed. The author tabulates profiles of M and U/UD calculated on the
12 basis of iso-energetic flow. The editors have replaced this assumption with the van Driest / Crocco

temperature-velocity correlation assuminq an adiabatic wall, The edge total state has been arbitrarily set
at the tunnel stagnation conditions.

13 The profiles presented here are for three different Mach numbers, the sets for M - 2.3 (02) and H1 - A.6 (03)
14 covering a range of Reynolds number, The CF values associated with the profiles are those measured with the

balance. The value for 0301 is the author's extrapolation from other measurements at that Mach number, no
balance measurement having been taken. The Preston tube results are not presented here but are fully
tabulated in the source. The results are summarized in Allen (1973b).

§ DATA: 7303 0101-0306. Pitot profiles NX - 1. CF from Balance.

15 Editors' commnts

This experiment provides, together with Hopkins & Keener - CAT 6601, the principal body of calibration data
for Preston tubes at high Reynolds numbers and moderate Mach number. There is no information relating to
symnetry or cross flow in the tunnel wall boundary layers - all profiles except 0101 are taken in an
asysamtric configuration - and whether from this cause or another, the profile characteristics do not match
typical zero-pressure-gradient data in the outer region, In the Inner region, transformed wall law plots
show that the balance readings vary by at least + 15 % from the mean. The balance Is very small for an
experiment on this scale, and correspondingly very difficult to use (d • 0.3 nn; cf. CAT 6601, d N 50.8 mm;
CAT 7302, d - 368.3 nm).

Experiments comparable in range are Jackson at 0i. - CAT 6505, Hopkins Keener - CAT 6601 and Winter A
Gaudet - CAT 7302. Mabey at al. - CAT 7402 provide flat plate data for comparison and contrast.
Note added in proof. The author has recently obtained fresh CF data using two more Kistler balances,

lvlig vaIues about 10% higher,
ee also J.M. Allen (1976) NASA TN4D-8291) for tests with a much larger balance.



7303-B-I

CAT 7303 ALLEN BOUNDARY CONDITIONS AND EVALUATED DATA. $I UNITS.

RUN MD * TWITR* REDW CF * 3ia HI2K Po PD
X POD* PW/PD* RED20 Co H32 I3 2K Tv TO
RX TOD* SW * D2 P12* '412 D2R UD TR

73030101 1.9830 1.0000 2.6469*+O4 1.7600"-03 2,63a5 1.2734 9.1747*÷03 9,1747"+03
NM 6.991qlo'q 1.0000 4.0975*+04 NM 1.6212 1.8110 2.9962"÷02 1.7577"+02
INFINITE 3.1400"*O2 0.0000 S.117O7-03 0.00001+00 0.0834 b.2415"-03 S.?71I'+O2 2.9962*+02

73030201 2.3250 1.0o00 9.0391*,03 1.024O'-93 3.3693 1.2412 1.7143'+03 1.7143"+03
NM 2.2q220+04 1.0000 I.,7544+04 NM 1.83u5 1.,246 3.2068*+02 1.62•B•÷o•
INFINITE 3.3900*+02 0.0000 8.0780'-03 0.0000*+0O 0.09,q t.0351"-02 5.9495"+02 3.2068"+02

73030201 2.3190 1.0000 1.4130+04 1.7600"-03 3.3437 1.2329 2.8317"+03 2.b317*+0J
NM 3.64T?7*04 1.0000 2.4574"+04 NM 1.0409 115295 3.073'+02 1.6313"+02
INFINITE 3.3900.+02 0.0000 7.6766"-03 0.0000"+00 0.0992 9.7729*-03 5.9422"+02 3.2073'+02

7303O020 2.3180 1.0000 2.6212"+04 1.6260"-03 3.3207 1.220S 5.67234+03 S.6723"+03
NM 7.2954't04 1.0000 4.•6b4*04 NM 1.8473 1,8367 3.2074*tu2 1.6340"+02
INFINITE 3.3900+OOO 0.0000 7.1132*-03 0.0000o+00 0.0995 O.9874*-• 3 5.940U9+02 3.20741"02

73030204 2.3170 1.0000 3.242•2÷04 !,53600-03 3.2990 1,2099 6.bO0+07'3 8.6007"+03
NM 1.1044*OS 1.0000 .6q50"904 NM 3.6535 1.B434 3,20750902 1.63460+02
INFINITE 3.3900O02 0.0000 6.548q*.03 0.00000+00 0.09q8 9 S.SSSS03 S.9397"402 3.2075"'02

71030201 2.3210 1.0000 4*8315'÷0 1.46900-03 3.3001 1.2056 1.1370"604 1.1370"$04
NM 1.46920*05 1.0000 *.4080'*04 NM 1.8556 1.0458 3.2072'*02 1.6310SfU2
INFINITE 3.3900**02 0.0000 6.5279-0-3 0.00000+00 0.1001 8.16O60-03 .9446"*U02 3.2012"+02

73030301 4.62?0 1.0000 2.67421203 I,0a9O*-03 9.5635 1.2453 2.227S"tuZ 2.22761.02
NM 7.4961**04 1.0000 .0927704 NM 1,8586 1.8267 3.223a002 6.67blutUl
INFIINIT 3.1200"+02 0.0000 3.9071-03 O0.000+O00 0.1%66 1.191'-02 ?,ST1 6" 04 2  3.,?341+02

7303010? 4.6000 1.0000 4.2603',03 9.54000-04 9.4688 1.2427 3.0044"+U2 3.6044"+02
NM 1.2463**OS t.0000 .7276"t04 NM 1.5611 1.8288 3.*239m~U2 b.72784÷01
ININNrItE 3.5200**02 0.0000 5.595*4o03 0.00001+00 0.,566 1.08W9"-02 7,$6490+02 3.239*,02

73030303 4.6120 1.0000 7.6006",03 ,0t00DO.04 9.4461 1.22*5 7.4973"*uZ 7.4973190i
NM 2.4926'05 %1.0000 3.1796"#04 NP 1.8657 1.8369 3.223,*402 6.699S.001
INFINITE 3.3200"tO2 0.0000 5.1793"-03 0.0000".00 0.1574 9.431'-03 7.S687+u02 3.2236"U2

7303o3og 4.6190 1.0000 1.1106"404 8.03001-04 9.4•59 1.208?7 1.1150+03 1.11500#3
NM 3.7389'*05 1.0000 409.32*o04 NA 1.8741 1.8464 3,4234402 6b.6830+01
INFINITE 3.5200#0k• 0.0000 4.9396*-03 0.0000*0"0 0.1579 q.a36*'-03 7.709".02 3.22340+02

73030305 4.6*a0 t.1000 1.4243e"04 4.6100"-04 9.4120 1.007 l.481*2003 1.4812*'03
INFINITE 1.5200"tO2 06000 4.7630"-03 0.0000"+00 0.1582 5.0313*-03 7.T718+U2 3.2234,+02

7303030h 4.6400 1.00ou 1.69960+04 4.4000*-UO 9.1,*07 1.1932 I.8110*+03 1.B1108*03
NM 6.2315"#05 I.0000 6.98?7'e04 NM 1.6803 1.8553 3.229'+02 6.6341+Q01
INFINITE 3.52000#02 0.0000 4.6151'-03 0,0000"*O0 0.1567 8,49SON-03 7.577?4*02 3.229q*o02



7303-C-I

73030401 ALLEN PROFILE TABULATION 27 POINTS, ')FLTA AT PvINT 25

I f'T?/P P/PD T0/Too $4/140 U/UD T/10 RO/R),RHOu*j/uo

I U.O000"+O0 1.oooo"+no (IM 0.94597 0.00000 o.onono 1.9666b 0.00000
2 I.0000".04 I.7976b"÷n0 N"' o.q64O 0.41075 0.53432 l.heq1) 0.31576
3 6.400O"O-0 1.7895"0C0 NP 0.9b62q 0.409113 u.53239 1.69412 0.31426
4 1.1900"-03 2.0645"+00 JIM 0.96475 U.4615 u.58957 1.h3190 0.36126
5 5.080o'-03 2.7784"+00 tJk 0.97210 U.56771i 0.695140 1.50025 0.4h352
6 8.8900"-03 3.1448"+00 Nm 0.97533 0.6137b u.73712 1.44236 0.5110b
7 1.2700*-02 3.4322'+00 NM 0.97767 0.64731 U.76h0O 1.40Q31 0.54702
a 1.6510*-02 3.6806,0b0 101 0.979S5 0.0040.4 0.78874 1.16606 0.5773q
9 2.0320"-02 3.87841+00 WIl 0.98104 0.69591 0.80559 1.44003 0.60117

10 e.4130"-02 4.0O04O.O0 tim 0.962t8 0.71269 U.81865 1.|1948 0.62040
11 1.3020"-Q? 4.47?46"+0 r ip 0.98500 0.75570 0.85074 1.267•1 0.6712S3
22 4.064O0'-2 4.7991•t00 tN 0.98110 0.786a1 0.87245 1.23134 0.708S4
13 4.8260"-02 5.0885"+00 NY 0.98880 u.81247 0.89013 1.20083 0.74143
14 5.51180"-02 S.4679"00 14k' 0.99088 (1.94516 U.9116? 1.16357 U.783S1
15 0.1so40002 %.7413•t00 Np 0.99235 0.86882 0.9pb4l) 1.13718 0.81473
16 7.1120'-02 6.IO1|*t00 NM 0.90413 0.69606 0.94413 1.I05?2 0.65425
17 7.8740"-02 6.33890+00 NA. 0.99526 0.91699 u.955•5 1.08495 0.8803i)
18 8.6160"-02 6.6434't00 g 44 0.99665 0.941065 U.96849 1.06008 o.q43bO
19 9.3980-.02 6.8S26'+00 NM 0.94757 0.956Sb U.97721 1.04365 0.91634
20 1.0160"-01 7.0981|+00 NM 0.98080 0.97118 0.985ns 1.02875 0.qs751
21 1.0922*-01 7.1sAYblI0 Nk' 0.99068 0.97935 0.9A935 1.0205a 0.96946
22 1.1684*-0l 7.265",00 NY4 0.999p2 0.98561 0.94271 1.01406 U.g79qS
23 1.2446"-Ot 7.3647"+00 Nti 0.99969 0.99441 0.99715 1.005ra 0.99168
24 1.3208"-01 7.10251+00 f4.' 0.99976 0.99570 0.9g781 1.00424 0.99359

0 25 I.3970"-01 7.4420.tV0 fm 1.00000 1.00000 1.00000 1.00000 1.00000
ab 1.,07?3-01 7.4420*t00 1m 1.00000 1.00000 1.00000 1.10000 1.000mo
27 1.524•1-10 7.44O"÷00 NO 1.00000 1.00000 1.000o0 1.(l0080 1.00000

INPUT VARIABLES YVil ASSU14E PxPD AND VAN DRIEST

7303020$ ALLEN PROFILE TABULATIONI 26 POINTS, DECTA AT PuINT 25

I Y PT2/P P/Po TO/TOTO N/MD Ul/UD T/TD RHO/RHmfIut/IID

1 0.00000+00 1.00001+00 U Nl 0.94606 0.00000 U.00000 1.96536 0.0(1006
2 1.8000*-04 2.2I99Qt00 NM 0.96543 0.47092 U.59916 1.61880 0.37012
3 6.4000*-04 2.1693•#00 NM 0.96604 0.47997 U.60859 1.60780 0.17852
4 1.1900*-03 2.41921+00 NM 0.96871 0.51874 0.b4793 1.56009 0.41531
5 5.0800"-03 3.22411#00 14M 0.97008 0.b2430 0.74b05 1.4280b U.52242
6 6,8900".03 3.6l4l9"00 NN 0.97923 0.669S4 0.78417 1.37174 0.57166
7 1.27000-02 3.8416"*00 NN 0.98086 0.69324 0.50323 1.3425z 0.59830
8 ,.6510"-02 4.0531"+00 Nm 0.96236 0.71521 0.62036 1.31S67 0.62353
9 a.0320"-02 4.2585*'00 fNm 0.95376 0.73589 0.53b02 1.290661 U.64775

10 2.4130'-0? 4.4036'÷00 NN 0.95523 0.75786 0.55M1 1.26434 0.67400
1 1.30201-02 4.94020+00 NM 0.98503 0.8005o 2 0.58211 .Z1421 U.72648
le 4.Ob4O-O S.30848#00 NM 0.99013 0.81326 0.90386 1.17667 u.76816
13 4.8260"-02 5.6047000 NR 0.99172 0.65868 0.92008 1.14813 0.80138
14 5.5880*-0? S.9a06÷o00 Im 0.99314 0.86496 0.93622 1.11921 0.83651
15 b.3500-oa 6.2789"+0V tim 0.99508 0.41383 0.95325 1.08814 0.67604
,6 7.11200-02 6.56%11+00 NM 0.99639 0.93623 0.9659A 1.06456 0.90740
17 7.8794)0-02 6.e0140+00 NN 0.9974144 0.95433 0.975qtj 1.00165 0.9131o
Is 8.6360"-02 6.9615#00 NH 0.99613 0.96639 0.95247 1.03S55 0.950s6
19 9.3960*-02 7.1176400 NM 0.99878 0.97803 0.98864 1.02181 0.96753
40 ,l01b0"-0l 7.2465"+00 NI 0.99931 0.95751 0.99350 1.01215 0.98146
al 1.0922-0l 7.3173"÷00 NM 0.99960 0.99268 U.99b25 1.00722 U.98911
22 I,1684*-02 7,3151*400 NM 0.99967 0.99397 0.99692 1.005944 V.99103
23 j.2446"-0t 7.39441+00 NM 0.99991 0.99828 0.99912 1.00169 V.99743
2q 1.32080-01 7.4122*#00 NM 0.99998 0.999s7 0.99980 I.00042 0.99936

0 a5 1.3970 0 -01 7.41820+00 NM 1.00000 1.00000 I.U0040 1.00000 1.00000
2b 1.4732*.02 7.41824+00 NM• 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES YM ASOUME PxPD ANO VAN DRIEST



7303-C-2

73030302 A LL EN PROFILE TABULATION 28 POINIS, ')ELTA AT PUINT 27

I y PT?*/P P 11P 0 TO/TOO M/1.1 U/LID T / t' RHOPI RI OI.* U/ U

1 O.OoQu"430 1.0000"+00 NIA 0.91572 0.00000 U.00000 16,Ma823 0.00001)
2 1.3000"-04 2.Ilt9"+00 NM D.93509 0.241216 0.167936 3.94685S u.12140t
3 6.'400'1)-046 2.174J6"+00 NjM 0.93512 U.2a14s o.(47971 .3.Q'1726 U.12153
14 1.1900"-03 P.3700*+(O IJM 0.93715 0.215692 0.5.0L123 3.135191 U.13080

A5 tl.o8uoO'-3 4.t50S"+OO Nim 0.95583 0.39788 0.68q807 3.o0624 U.2948~
6 8.8900"-03 11.79O0"to0 NM 0.96085 u.43899 0.731711 2.71046 0.2633b
7 1.2700'-02 fb.oS'J7'00 14M 0.96395 0.1665872 u.756,AQ 2.637A12 u.286833
a b.5lo"-112 7. 1236"+00 tNm 0.96678 0.46913S5 0. 7 1A 31 2.501620 u . 321 uI
9 2.0320'-02 7.71198*100 NjM 0.96918 0.51406 0.796)41 2.4601JU u.33182

10 2.4130".02 8.3728'*00 NMP 0.97137 u.S3570 0.81255 2.30064 U.35316
11 i.3020*-02 9.62?7'DOo Np 0.Q75663 0.SA308 u.846453 2.09783 0.160257
12 6.06ll0'.02 I. 71t7+01 tok, 0..971118 0.62203 0.86770 1.946592 u.144591
13 1415260"-02 1.2380"+l)1 NM 0.96do1 0.65V94 0.086A19 j.#)1705 0.4188069
146 5.5880*-02 1.15901+01 14M 0.984410 0.,39061 0.90278 1.70860 0.528314
IS 0.3500"-02 1.1605"+nl rm 11.98W66 0.?2391 0.917,416 1.60605 0.571216
16 7.1126l"-D2 1.6027"+01 rim 0.9884)3 0.75206 0.92885 1.52$14i 0.60891
17 7.87160*.02 1.727b"4Q1 rim 0.99018 0.18170 O.99;991, 1.441591 u.6s008
16 #8.b3b0-02 1.84659*+1)1 Jim 0.99168 0.808716 0.946935 1.377q6 0.1beaci
14 9.3960"-02 t.95'23"+0I qlt 0.992916 0.8329? 0.957?2 1.3?o56 0.726186
40 l.01b0"-DI 2.08063"+1 tip 0.994165 0.561'53 0.9bW8 1.25688 0.16W31
2? 1.09a20-01 Z.70581+01 liM Q.995'18 D.88598 0.97276 1.M055 0.130692
U2 l.lb54"-Ui 2.30391+01 44 0.99635 U.90565 0.97811 1.16580 U.83900
23 1.24416'-01 2.16o06'tf1 1J4M 0.99163 0.93b82 0.95857 1.107441 U.eq02i
Ill I.32OR"-01 2.5sob"+01 PIM 0.99837 0.95565 0.99031 1.07385 U.q2820
1~5 1.39700-01 2.6469,0+01 NO 0.99902 0.972746 0.99417 1.0044516 v.95177
26 1.16732".01 ?.730q9+fl NMA 0.999637 0.96788 11.997415 1.019417 0.9721311

U) 27 1.5164q4"-D 2.7971'+l1 rim 1.00000 1.00000 1.00000 1.00000 1.00000
*28 1.56211-01 2.7983"ifli fN

1
. 2,0000 1.110022 1.000041 0.169966 1.00039

*INPUT VARIABLES Ylti ASOU1iE PsPu AND VAN DRIEST

*7303030(1 4LLf.N PPC)FILE TABULATILON 28 POINTS, UCLTA AT POINT 27

I Y P12/P P/PD TO/TOO M/MD U/LID T/To RHO/16H00*U/U1)

I 0.0000"+O0 I.Co000"40 NMA 0.91560 0.00000 0.00000 16.85620 0.00000
2 1.8110V-016 3.2168"+00 NO 0.944160 0.31155 0.SA6116 3.53263 0.16592
3 6.46000"-94 3.4416"4+00 NMl 0.94067 0.32500 u.6D380 3.45W)I~ 0.171193
46 1.1900"-03 46.f1140+11~0 NM 0.95065 0.35711 0.611439 3.25606 0.19791
5 5.0800".03 6.10651-nfl NM 0.96.351 0.4%52S9 0.746555 2.71361 0.271671
6 8.8900"-U3 7.28194+00 NO 0.96727 0.469526 u.782165 2.469605 0.31140
7 1.2700"-02 6.?7771*00 WAM 0.97091 0.S3039 0.804546 2.3,2966 U.341719
a 1.6b510.02 9.a7sk'+00 tim 0.971610 0.56336 0.632516 2.183916 0.38121
9 9.0320"-02 1.0079".01 1,M 0.97639 0.586S8 0.816869 2.o7919 U.40816
20 2.46130"-92 1.0670602 tIm 0.978165 U.61250 0.bb895 1.98b01 0.414373
11 3.3020"-02 1.2576*+Ol J0M 0.98229 0.66078 0.88890 1.80966 0.169120
12 46.0160".02 1.19416b'01 NIA 0.968192 0.69720 0.906241 1.68956 0.53638
13 16.4260"-02 1.53231+01 NM 0.98723 0.73211 0.92128 1.5835 0.55179
14 5.58801-02 1.68330#01 NM 0.989465 0.7b838 0.935416 1.168,?2 0.61107
15 6.3500"-.0? 1.41216"t1 riM 0.992114 0,79806 0.916603 1.1605?0 U.67323
06 7.11208OZ- 1.95431#01 rim 0.99280 0.82953 U.95638 1.32923S (1.7195(1
17 7.57160"-02 2.1771"ýOl NM 0.944160 O.85562 0.964410 1.26963 0.7S9417
18 a.b3b0'-0? 2.19716.O1 liM 0.99S26 0.86082 U.97153 1.22657 0.79858
19 9.39801-021 2.3'461*001 NM 0.99657 0.91078 0.97950 1.19660 0.016686
20 1.0160*-01 2.166816+01 NM 0.99756 0.931670 U.985441 1.12258 0.1:8657
21 1.0922*.02 2.573li~t01 NM 0.99635 0.9516716 0.9)9016 2.07557 0.92059

22 .1684'-Q 2?.67916"t01 NM 0.99909 0.971657 0.991660 1.016151 0.9S4916
23 l.ZQ1166-0l 2.71662*.01 NiM 0.999516 0.98has 0.99725 1.02110 0.97656
216 1.3205"-vt 20?9000+01 NM 0.99982 0.991663 0.99893 1.00826 Q.990716
25 1.3q70"-01 2.6055"+01 NM 0.99992 0.99763 0.999S1 1.00375 fj.99575
26 1.167sa*.01 2.6150*.0I rim 0.99998 0.99935 0.99967 1.00201 0.1698816

D 27 1.51694*-O1 2.61664+01 Nm 1.00000 2.00000 1.00000 1.00000 1.900000
28 1.5621".01 Z.81860+01 NMA 1.04000 1.00000 1.00000 1.00000 1.00000

INPUT VAPIABLES YPM ASSUME PuPD AND VAN DRIEST



7304-A-I

M : 3.8 rising to 4.5 7304
R THETA X 10-3 6 - 50

FPG
TW/TR : 1.0, 0.8, 0.25 AM-

AW- MHT-SfT

Boundary layer channel. Effectively continuous. W - 0.33 H - 0.272 m,

0.1 < PO < 1.1 MN/m2 . TO : 336, 423 K. Air, dew point 215-233 K. 2 < RE/a X 10-6 < 40.

VOISINET R.L.P. and LEE R.E., 1973. Measurements of a supersonic favourable pressure-gradient turbulent

boundary layer with heat transfer - Part I, Data compilation. NOLTR 73-224.

And Voisinet and Lee (1972) CAT 7202 with associated references, Brott at al, (1969)

1- The tests were performed in the purpose-built channel used for CAI 7202 and described in that entry,

11 The flexible wall was set to give a nmonotonically accelerating flow, the coordinates beinq given in

table 1, and the resulting pressure hittory in table 2. The plate surface temperature history Is given

in table 3. (Tables 2 and 3 are facsimiles of the authors' tables 2&3,% The instrumentation employed

was also as for CAT 7202.

8 The relative positions of profiles and wtill measurements at any one station were again as for CAT 7202,

but profiles and wall measurements were made at an additional upstream station (X m 1,194 m fur profiles,

1.270 m for wall measurements). The posilions at which differing measurements were made are given in

6 table 4. The heat transfer measurements In the AW condition were made to ensure that the wall temperature

had been adjusted to a practical zero heat transfer condition, taking into account the effect of nozzle

region heat transfer,

12 The editors have accepted the interpolijtions and corrections made by the authors, In several cases,

differing repeated date for a single Y-value have been averaged, The edge state has been calculated

from the static pressure and temperature data with the Mach number as presented. The authors interpolated

the CF data to agree with the boundary conditions 'or the measured profiles, and these are the values

given here. The editors have intsipolatad the CQ data In their original form, as Stanton numbers, to

match the profiles on the basis of the authors' R THETA values alone. No heat transfer data are presented

for the SHT condition, as tho only measurements were at a station not associated with a prufile.

13 The profiles presented and their associated Instrumentation are listed in table S, CF data is given for

14 all while CQ Is not given for the SHT case since it woes not effectively measured.

DATA: 7304 0101-1503. Pitot and TO profiles measured simultaneously. NX up to 6. CF from FEB. CQ from

thermopiles measured separately.

15 Editors' coments

The remarks made in the first three paragraphs of § 15 CAT 7202 apply equally here, except that in this

case the measurments were all made In a fully reflected-wave flow-region. Static pressure variation along

a noreal is therefore found to be small. There are no properly coparable experiments, but similar

pressure histories were studied by Michel (CAT 6902) and Thomas (CAT 7401) at lower Mach numbers and

without heat-transfer.

Many of the profiles display characteristics which could be interpreted as transitional characteristics

were it not for the high Reynolds numbers.

TABLE I NOZZLE CONTOUR COORDINATES

x(mter) Y (moeters) x (metors) me ter) (meters) mak~e! .

0.0000 0.01016 0.9144 0.08534 1.8034 0.18263

0.2794 0.02128 13068 0.10312 1.9812 0.19939

0.3810 0.02784 1.2446 0.12319 2.1591 0.21768

0.5588 0.04597 1.4224 0.14276 2.3368 0.23952

0.7366 0.06591 1.6002 0.16154
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Facsimile from source paper

TABLE 2

AVERAGE NOZZLE WALL-PRESSURE AND PRESSURE-GRADIENT DISTRIBUTIONS

dPur

1.016 0989SE-02 -,1649E-01
1.001 09488E-02 -9.1557L-.01
1.067 *9103E-02 -.1470E-01
16092 .8740L-02 -1bL0
16118 *8398E.-02 . 30SE-01
1.143 *80 7tbE-02 -*14?33E-01
1.160 *7772E-02 -ollbE.-0l
1.194 .7485E-02 -*1095E-01
10219 .721SE-02 -.1031E-01
1.245 *6961E-02 -.9709E-02
Is.270 .6722E-02 -.9142E-02
1.295 *6496E.-02 -o86VE.-U2
19321 ob284E-02 -.8104E-02
101#6 *6064E-02 -*7632E-oa
14372 .5896E-o2 -071881%.-02
1.397 .6719E-02 -&6773E-02
14422 .5552E-02 -,6365E-02
1*4'46 .5394E-02 -.60M2-02
1..73 65246E-02 -.6683E-02
1.499 .5106E-02 -*536SE-02
1.524 *4973E-02 -.5015E-o2
1.549 *484SE-02 -. 4803E-02
1.575 4'729E-02 -. 4550E-o2
1.600 *4616E-02 -.4316E-02
1.626 04509E-02 -64099L602
1.651 .4408E-02 -.3898E-02
1.676 *4311E-02 -.3712E-021' 1.70 .1#219E-02 -03539E-02
1.727 o4l316-02 -.3379E-02

1.s 4048E-02 -33E0
1.778 *3967E-02 -.3092E-02
1.803 &3890E-02 -.2963E-02
1411?9 03817E-02 -.2841E-02
1.854 .3746E-02 -.27256-02
lasso *36786-02 -0261SE-02
1.905 .3613E-02 -.2509E-02
1.930 .35516-02 -.2406E-02
1695b *3491E-02 -*23056-02
1.981 *3434E-02 -,2204E-02
z.007 *3379E-02 -.2103L-02
2a032 .3327E-02 -#1999E-02
2.057 03277E-02 -.1893E-02
2.063 *3231E-02 -.1783E-02
2.108 .318TE-02 -.16676-02
ie.134 03146E-04 -.15~44E-02
2.159 #3108E-02 -*1413E-02
2.184 *3074E-o2 -.1274F.-02
24110 *3044E-02 -s1124E-62
2ok3S .301?E--02 -09630E-03
2*261 .299SE-02 -.7693E-03
26286 .297TE-02 -.6018E-03
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TABLE 4
LOCATION OF MAEASURFMENTS

Wall condition
X-Station: m AW MHT SHT

1.194 (P) P P

1.270 (W) K K K K Q N Q
1.44B (P) P P P
1.524 (W) K K K, K KK, Q

1.702 (P) P P P

1.778 (W) KO K Q N

1.905 (P) P P P
1.981 (W) K K, Q K Q N
2.057 (P) P P P
2.134 (W) KQ K Q N

2.286 (W) 0

KEY: P - profile, W wall measurement, K - CF using V:stler FEB,
N - CF using NOL FEB, 0 - CQ using thermopile.

TABLE 5

PROFILE SERIES PRESENTED

CODE HT NX TTP FEB POD2  TOO TW

7304 MN/m K K

0101-5 AW 5 ECP Kistler 0.1 336 291
0201-5 AW 5 ECP Kistler 0.5 336 291

0301-5 AW S ECP Klstler 1.0 336 294
0401-5 AW 5 FWP Kistler 0.1 336 291
0501-5 AW 5 FWP Kistler 0.5 336 291

0601-4 MHT 4 ECP Kistler 0.1 423 293
0701-4 MHT 4 ECP Kistler 0.5 423 295

0801-4 MHT 4 ECP Kistler 1.0 423 299
0901-5 MIIT 5 FWP Kistler 0.1 423 293

1001-5 MHT 3 FWP Kistler 0.5 423 295

1101-2 SHI 2 ECP NOL 0.1 423 90
1201-4 SHT 4 ECP NOL 0.5 423 100

1301-4 SHT 4 ECP NOL 1.0 423 120
1401-3 SHT 3 F'WP NOL n.1 423 90

1501-3 SHT 3 FWP NOL 0.5 423 100

(Nominal values)
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CAT 7304 V0ISI'PLT b0uijDARY COPjWT1o0S AND EVALUAIEU DATA. 31 UNITS.

RUN V.D * tj/TR PLD2W CF * 1422Hl tK PA* PD*
X * P)D PV,/pn RL,2nD LD * HS? l32K 1O TD*

RZ OD 314 * f) P12* H44 Q D.mUr) T P

73OOtOl 3.8501 0 .9 3 71 2.284J6"03 1. 2O40'03 6.1913 1.3554 b.41'60O"02 8.3371q*02
I. 190•0"O 1.0346"405 1.0130 h.7783*403 0.0000"+QO 1.8277 1.7qlb 2.9480"+02 8.bO0Q3"+0t
INF1I1IF 31.1113"02 0.0000 1.7274"-03 -1.7879"-02 0.33a8 2.9001'-03 7. 1604"4+02 3.10 ÷O +V2

70'4O0O2 14.0862 0.9q60 2.1197';+03 1.2200"-03 7.5115 1.3831 5.9880"+02 5.9958"+U2
1.4U80.O40 1.0206"fo5 0.9981 6.9228.o03 0.0000"00 1.8248 1.7876 2.94704'02 7.8031".O[
INFINI1E 3.3861'.02 0.000o 1.9993"-03 -1.4S44"-02 0.2575 3.612S'-03 7.237[L"+02 3. 1151"+02

730T40101 4.2954 0.94t5 P.01!2"+03 1.ItO 0-03 7.95s8 1.3720 4.67'T01+2 4.630%*+02
1.7020"O4. 1.0346"+0S 1.0092 7.0463S+03 0.0000"+00 1.8269 1.7880 2.9490"÷02 7.2739"÷ot
JNFINIIF 3.4115".0G 0.0000 2.2572"-03 -1.2041"-01 0.2664 4.247'0-03 7.3451'+U2 3.1344"+02

73040104. .3873 0.9502 2.00?73+03 1.0600"03 8.6077 1.3863 4.016O•+02 4.06140.02
1.9050"+07 1.0202"'05 0,9860 7.3275."03 0.0000*00 1.$265 1.7857 2.9580"÷02 6.9969"+oi
INFINTTE 3.39330+02 0.0000 2.4721"-03 -1.1636"-Gt 0.2648 4.6512"-U3 7.3580*+O2 3.2031"+Oa

.7304010% 4.4796 0.9521 1.9997*+03 1.0400"-03 8.42?4 1.4n29 3.6750"+02 3.5509"+02
2.0570"+00 I .0041O 05 1.0326 7.1.558503 0.0000"*00 1.8206 1.7193 2.9530"+02 6.7'4b5+0l
INFINITE 3.1833"+02 0.0000 2.6998"-03 -9.4350"-02 0.2513 5.311'"-03 7.3782"+02 3.10160+02

73040201 3.8838 0.9299 .0606*+03 8.6200"-0 6.5?26 1.2899 3.9510q+03 3.92qT+03
1.194i0*00 1.1042'i0+ 1.0014 ?.41380+04 o.00001+00 1.8412 1.8113 2.88600+02 8.381i"÷01
INrItiliF 3.3666*+02 0.0000 1.24'5"*-03 -1.9444"-Ul 0.2b43 2.0811"-03 7.1289*+02 3.1036"+02

73040202 4.1149 0.9495 7.S1585.03 8.3800'-04 7.9016 1.30S2 2.7810"+03 2.8502*+03
1.4480"400 5.034•,•05 0.9757 2.S2290+04 0.0000"+00 1.8418 1.5080 R.94400"02 7.685¶"÷01
INFINIrE 3.3712"402 0.0000 1.'880-03 -I.6486*-01 0.2342 2.6939"-03 7.2328-+02 3.100S+'02

73040203 4.3125 0.9423 7.3908',03 8.1000"-O4 8.1481 1.3038 2.2170"+93 2.2064'"03
1.70200+00 S.03874+05 1.0048 2.61SS÷+04 0.0000"+00 1.8395 1.8054 e.90800+02 7.12310÷io
INFII1IE 3.3618"÷02 0.0000 1.69731-03 -1.31231-01 0.2205 S.1439"-03 7.2975*+02 3.0862"'02

7304021)4 4.4378 0.9454 
7
.3047*i03 7.7T00"-04 a.9909 1.3051 |.8640*+03 1.9074•*03

1.9000#00 S.1066'405 0.9772 2.704S1404 0.00000+00 1.8423 1.6059 2.9400*+92 6.8601*40l
1NFiNITE 3.39t0l#0a 0.0000 1.86711-03 *1.2003"-0l o.2304 3.6173"-03 7.37280+02 3.1098"+02

7304020% 4.5237 0.9512 7.2815*+03 7.7200"-04 a.7977 1.3190 1.1130"+03 1.7008"+03
2.05700+00 S.0699"+05 1.0072 2.7957"*04 0.00000+00 1.d383 1.0009 ý.9490"÷02 6.6425S+0I
INFtNTrE 3.3829"+02 0.0000 2.02041-03 -1.0396"-.0 0.2339 3.9276"'-03 7.3921"+02 3..1001"02

73040301 3.9022 0.9426 1.40q9q+04 6.6500*-0o 6.4477 1.2606 7.7550"+03 7.6t774+÷3
1.lq4"0O0 1.0144t+06 1.0180 4.2R90"4+04 0.0000"+00 1.8526 1.8253 2.9190"+02 0.-O49"40I
INFINITE 3.3597"+02 0.0000 1.t122'-03 -2.2854"-01 0.a454 1.682W'-03 7.1299"÷0? 3.09660+02

73000302 4.0996 C.9414 1.3838*i04 6.8500*-04 7.7936 1.2W7 S.o200-.03 5.7%90".03
1.4480+00 9.96644+05 0.9769 4.5374*+04 0.00001+00 2.8522 1.5219 2.92101+02 7.7179**U0
INFIN1TE 3.3660*+02 0.0000 1.33920-03 -1.3267"-01 0.2277 2.3b13*-03 7.22114•o0 3.09620+02

73000303 4.3062 0.9o1ss 1.34160+04 b.700*-04 7.9648 2.2709 4.4570*÷03 4.41900+03
1.70400+00 9.99490#05 1.0102 .7'481*'+04 0.0000"400 1.8507 1.8293 2.9230"FU2 7.1511"*40
INFINITE 3.3672*402 0.0000 1.5522"-03 -1.4381"-01 0.213o 2.7e&6"-03 7.30114+02 3.09144•U2

730903n a 4.4370 0.9018 1.3046*+04 b.65O0"-04 9.0537 1.2683 3.b950"043 3.8077*+u3
l.9050O+O0 1.0164'.06 0.q704 4.6284"404 0.0000"÷00 2.8549 1.8211 2.9060"402 6.b7950+01
INFINITE 3.39670+02 0.0000 1.67S0*-03 -1.263"'-01 0.2213 3.1682*-03 7.37870+02 3.11500492

730403o, 4.5339 o.q460 t.2895'*04 b.s5OO8-04 9.0376 1.2791 3.36l00+03 3.3731"403
2.05700*00 1.0183*+06 n.9964 4.9413"+04 0.00000+60 1.8509 1.8165 2.9370"+02 6.628qm+O0
INrINYTF 3.3882"+02 0.0000 1.?911"-03 -1.0922'-0l 0.2101 3.4254"-03 7.40120402 3.10480÷02

73040401 3.6630 0.9a87 2.0201"*03 1.2400"-03 6.8128 1.3784 8.o0So".u2 7.9742-+02
1.1940*+00 1.0010"+05 1.0139 5.9870*403 0.0000"400 1.0224 1.1884 2.90b6"002 8.5165S.01
I N F IN IT I 3 ,39 34+1 02 0 ,0 0 00 1.1 66 0 003 " 1, ,67 15 0'01 0 ,2 11 8 .70 7 2 " 10 3 7 , 1 41 77 2 3 , 12 91 u ÷. 02

73040402 4.0987 0.0259 1.94220÷03 1.2200*-03 7.6004 1.3822 S.5930*402 S.607S"*02
1.44800+00 9.7035"+04 0.9974 6.26bb*403 0.0000"00 1.824? 1.7861 2.8S400+02 7.766b"4o!
INFINITE 3.3663+t02 0.0000 1.9158"-03 -1.39060-0l 0.2488 3.5000"-03 7.2423*+02 3.L1149"02

73040403 4.2886 0.9210 1.9938*403 1.1100'-03 7.8228 1.3867 4.5460"÷02 4.4934-"02
1.70901+00 9.9549"+04 2.0121 6.001"403 0.0000"+00 1.8250 1.7662 2.5b8"÷02 7.2ba6"+01
INFINIVE 3.3980+.02 0.0000 2.26930-03 -1.2562"-01 0.2862 4.2409*=03 7.32810÷02 3.12010+02
73040404 4.4001 0.9327 2.0052*003 1.0600*-03 8.5580 1.3957 3.9350d+02 3.9803]"02

1.90%0"+00 1.0160+'o0 0.9886 7.2514+03 0.00001+00 .8239 1.7148 2.89804*.02 6.95l64"01
INFINITE 3.38700+02 0.0000 2.46514-03 "1.0920-02t 0.2815 4.822S"-03 7.3557*402 3.10u71402

7301U405 4d4756 0.0211 1.97490+03 1.04004-03 8.3438 1.3972 3,58200+o2 3.4907"÷02
2.0970*÷00 9.7991'404 1.026a 7.2906"03 0.0000-+00 1.6195 1.7795 2.8680"4.0 6.7s49+÷0l
INFINtlE 3.38160+02 0.0000 2.66122-03 *9.67100-02 0.2711 5.2o6"'.03 7.37520*02 3.10020+02
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CAT 73046 VOISINEY BOUNDARY CONDITIONS AND EVALUATED DATA. 51 UNITS.

RUN MD * T#J/TR RED2W CF * M12 HIZI( Pjq* PD*
X *POD PW/PD REM2 Co* i mIZI 1i*' 10*
RZ TOOl 811 * D2 P12* H'44 02K in I

730avsoi 3.8912 o.9S334 7.3633"+03b 86.e?00-016 6.e 1,2qJ5 S.5210",03 3.7734~"+03
1.I19401+Ou 1.9506",0b 1.01162 P.2132"+016 0.0000".UO 1.81110 1.43115, 2.925C"iJ2 8.'l589*ý0l

73O1605u2 41.1561 o.0303 7.46249"j,03 1.3'lon".L11 7.9587 1*SO160 2.1010"+0J ?.722l"*U3
1.0801+co S.0791"+05 O~4922 2.'J5861+016 0.ilfloo*+00 1.816344 1.61U9 2.*780"+02 7.b54b"4Ul
INFINITE 3.S616'"s02 fl.000U 1.46485-o 1.'"-03 0.19s1 2.o~o9'-u3 ?.2422"+v2 S.v935"I4J2

7301605.)3 4.3301 0.9316 l.23S5",n3 8.1000".u44 13.0%0 1.3104 d!.16400'03 e..141401f+03
1.7oao*0'O S.00?77105 1.0(175 2.55251+t)4 0.0000'g+00 1,81424b 1.0067 2.0830*#02 7.09177"i01
INF~INITE. 3.37I14"#02 O.AU00 1.6i866'-03 -1.3308"-01 U.2171 i1.333A'-U3 7.16 10 .4J94b4Q2

730L4051)'1 l.'4555 0.937b 7.3190"t03 7.7900"-0'4 9.0274 1.J453 1.63'0"+03 1.13806*+J3
1.9O!,0*+Oo 5.1479105 0.9752 '.7156bt04 0,0000"+00 1.8!51i 1.831J 2.o88O'o2 6.75170+01
INFINITE 1.3568*.02 0.0000 1.01477"-013 -1.18049-01 0.21141 3.5163"-Qj3 7.346116+02 3.0719"+V?

*7301605oq 4.11962 (1.03169 6.93130+03 7.7200"-046 0.7b53 1.3007 %."0901403 1.0286'*Us
*2.05701.00 'I.691O"*05 1.0126 2.6015"#01 0.0000%+00 1.,1625 1.8063 2.&880"+02 b.t.730'+U

INFINITE. 3.3653"+12 0.0000 1.9892,-O3 -1.n62740'-01 0.1990 1.8250--U3 7.3e640*#02 S.00147"+U2

730460601 3.6656 0.7557 2.8
9
6
9
't0

3  
1.'aI00*-03 'J0252 1.3603 S.Z130"*02 8.ot.12"4112

1.1QI0,O00 1.021b6'.05 1.0263 7.0218"+03 1.06870-064 1.8160 1.7864o 2.94660"442 I.o519"402
rnPiNiT '6.22774+0l2 0.0000 2.Sol1"-03 *2.37S13*.O1 0.7819 3.6065"-03 7.979'Itou2 3.8982"+v2

730160602 46.1071 0.758t; %.8bR20+03 J.2700*.o3. 4.141.2 1.3644' 5.87200+u2 5.953fl",v2
1.161660'.0 1.0410"+05 0.9864 7.50811+03 11.52460-05 1.8*17 1.7870 9!.44160"402 9,t.543"4431
INFINITE d6.22244*fl2 41.00o0 3.0082"-03 -2.115l)4-01 O.al1'3 4.36"b~.-Q3 8.010"+02 3.807"+U12

73040603 16.2792 0.7576 2oR336',03 1.1700"-U3 d4.4neO 1.'697 1, 042470"0
1.7020"+00 1.03290+05 1~.9991 7.97S2"+03 8.1380"-05 1.8230 1.1882 *.9370*+%02 9.V5400"+01
INFINITE 16.2216',412 A0.000 3.46829'-03 -1.5P561-01 0.8299 5.47,27"-03 U.16461"+02 3.107"*02

730406UO 4,50o3. 0.76464 2.155q",03 1.13001"-03 5.185fi 1.3081 3,70140",02 5.5'4'e5*42
*2.05701+00 1.0297"+'15 1.0456 4.14326e,03 7.5180"-OS 1.8159 1.77bb 2.9800"+02 8.140931#01

INFIMdIE 4.25201-4I2 0.0000 46.0970-03 -1.38643"-u1 0.6192 0.7lesi*-03 th.e82'+02 3.b9lol'iJ2

735'I0yol 3.9016 0.7636 9,50170+03 9.3500"-O4 '4.0772 1.29'47 1.9090"+03 3.b66*l'"+v
1.19160"*Oo 5.1347".0'5 1.0119 2.3731tK+06 ?.6230"-05 1.8352 1.0075 2.16660'*02 1.0419'q+02
INFINITE '6.21411+02 0.0000 1.1061"-03 -2.14392"-01 O.ob27 d.37- 7.9850"+02 3.08842'+062

73040o7UP 4.1372 0.7052 Q.19412"+03 9.()000".04 S.06435 1.2'99o 2.7'J501+03 2.6375"+u3
1.46480.0+0 ',.16167'05 0.96746 2.450124+04 b.9300"-05 1.8618 1.0059 e.97201+oa 9.b16Q2'+ui
INFINIITE '6.2234*+02 0.0000 2.01521-U3 -2.08461"-U! 0.6605 3.256t*-O3 8.10591+02 3.6619'02u

*73041070% '4.32465 0.76441 
6
.l?1741"0

3  
8.5S00-016 5.79468 1.31146 2.2080"+U3 2.d157"+03

1.70204+00 S.1340,05 00965 2.86435"+401 b.4680O'-05 1.6366 1.8026 2.95800+02 Hi.6930,+01
INFINITE 4.215'5.02 0.000D 2.3?00'-03 -1.Th162*-0 0.6876 3.6666"-03 8.1766"#02 1.8696"+U2

*730660704 4,55016 0.7693 809410,+03 5.3D00'-016 6.1979 1,3154~ 1.o1310",3 1.tb837'03
2.05700+00 5.1774*t05 1.010I4 2.8051)"+04 6.0770"-05 1.83465 1.7959 2.1720"+02 8.1780+.01
INFINITE 46.2166b+02 0.0000 2.80761-05 -1.3343*-01 u.6030 46.76506-03 8.a6516"+02 3.8b33'.U2

730160901 3.92465 0.7778 1.8'470'tV'4 7.68000"-04 46.8932 1.2629 7.67160"+u3 7.5090"+Q3
1.19160"*00 1.03D4"+06 1.0220 '4.1870*t401 6.60700-03 1.61481 1.022? 2.96300+02 1.01311"02
INFINITE 14.133S*.02 0.0000 1.64777*.03 -2.57691-01 U.S7*7 2.19631-03 7.919q"+02 3.60'42*tu2

73040802 416.485 0.7749 1.661e6't01 1.600o'0"-1 b.1938 1.2619 5.5360*+03 5.6768"+03
1.46400"+00 1.0494'040 0.9748 .l.56j291+046.2200 1.8501 1.8218 2.446900+u2 9.3169",01
INFINITE 16.1391**02 0.0000 1.78174-03 -2.1579*-01 0.57446 2.8637"-u3 8.02910+02 3.O055"4o2

7300508 46.31678 0.7805 1.6031*#016 7.'4100*-016 6,01169 1.2701 '4.6600#0'3 6.331610#0
1.70200+00 1.03594+96 1.00716 1.753'6',01 5.169600-05 1.0496 1.6186 2.95000.02 6.b1161"+vI
INFINITE A4.11830+02 0.0000 2.06621-03 -1.73441-01 0.6132 3.3S294"-03 85.0908**02 3.7796*402

7304060'4 4.S787 0.8093 1.'4856*'40 7.1800"-046 6.0210 1.2761 3.2950',o3 3.i9S3't03
2.05700.00 1.016360+06 0.9999 1.*02021*,01 1.71304-05 1.61487 1.8152 3.I)360"*02 7.90*!5"i01
INFINITE 4.09500+02 0.0000 2.34658'-03 -lo302SO-01 0.5993 46.0273"-03 8.1502*402 303513"+02



7304-11-3

CAT 7304 VOISINET BOUNDARY CONDITIONS AND EVALUATED DATA. S1 UNITS.

RUN MD * TW/TR RED2W CF * 112 H12K Ph* PD*
X POD Ph/PD REM2D Co * H32 "32K 11* TD*
RZ TOO sW * 02 PI2* "42 02K UO TD

73040401 3.86M6 0.7404 3.02726*03 1.4100"-03 3.8273 1.3604 8.2690oo02 8.1106"5u2
1.1940,"00 1.0330"+05 1.0165 7.2190"+03 1.1275"-04 1.8101 1.7875 2.9110o"02 1.0678"+02
INFINITE 4.2639"402 0.0000 2.56086-03 -2.4286'-01 0,8443 3,6508"-03 8.01501+02 3.9315"+02

7304090? 4.1164 0.7429 ?.2,I9,O3 1.fl00'-03 4.bu6o 1.3691 5.786D"+02 5.8653"+02
1.44680"00 1.03686"05 0.9665 7.662ZN+03 9.0320"-5 1.64219 1.787S 2.930"#02 9.6472"+O0
INFINITE 4.2341"442 0.0000 3.0727"-03 -2.2058*-0I 0.8569 4.6550'-03 8.10640+02 3.6941'*02

73040903 4.3173 0.7531 2.8904"+03 1.1700"-03 4.5778 1.3766 4.6170+02 L4.5154N+02
1.70i0o.00 1.0376*+OS 1.0025 6.2056"+03 8.2210*-05 1.6196 1.7830 2.92000+02 8.93321+01
INFINITE 4.2235*402 0.0000 3.6398"-03 -1.91161-01 0.8606 5.5671"-03 8.1014N+02 3.8771,+02

73040904 4.4122 0.7519 2.92311+03 1.1400"-03 4.•297 1.3791 3.94700÷02 3.99000+02
1.9050,400 1.0303105 0.9692 8.55690#03 8.29601-05 1.6222 1.7831 2.92900+02 8.6768S10Q
INFINITE 4.24700+02 0.0000 4.0731-03 -1.7132'-01 0.9047 6.3770"-03 8.Z4136+O2 3.89550+02

73040405 4.5108 0.7196 2.4738'+03 1.13000-03 S.0134 1.3852 3.6770*+02 3.54544+02
2.0S70"'00 1.0400"+05 1.031 8.b9320+03 71.96ao-O5 1|8161 1.7779 2.9010*÷02 8o.3297001
INFINTIE 4.2227"+02 0.0000 4.23830-03 -1.4366"-0t 0.6374 6.7831-03 8.2%43'"02 3.87020+02

73041001 3.9226 0.7494 9.6746'403 9.3s00.-04 4.0(14 1.2892 3.80900%03 3.7728"'03
.1940"+00 5.16410+05 1.0096 Z.42670+04 8.3170"-05 1.8373 1.8099 2.923040+ 1.03810+02
INFINITE 4.2327*÷02 0.0000 I.76724-03 -2.57970-01 0.7293 2.5935'-03 8.0132"402 3.90030,u+

7304I002 4.1721 0.7530 q.4149"+03 9.00000-04 1.5726 1.2954 2.6920".03 2.74420+03
1.44800+00 5.2279"+0% 0.9810 2.s'Oi9÷O4 7.2930*-03 1.8374 1.8075 2.9160002 9.40070+01
INFINITE 4.2127"+02 0.0000 2.06870-03 -i.16680-01 0.6933 3.2837"-03 8.1104*+02 3.87241+92

73041003 4.3S95 0.7527 
9
.463"÷03 .,5500"-04 5.5849 1.2419 2.1280*+03 2.1333*03

1.70200+00 S.1729"+05 O.q97S 2.7273*÷04 6.7850*-05 1.8408 1.8078 2,9140"÷02 8.78162+01
INFINITE 4.2150•t02 0.0000 2.47480-03 -1.04780-01 0.7360 3.9684'-0U3 .1935"OR0 3.8714N'02

73041004 4.4626 O.755 9.2389"+03 8.4000'-04 6.2406 1.3023 1.7940"+03 1.06721+03
1.9050"÷00 S.1583'0+S 0.9608 2.76951tOq 6.6960*-05 .8I404 1,8056 2.92800"02 8.4•230001
INFINITE 4.Z271*,02 0.0000 2.657q"-03 "1.6040'-Ol 0.7667 4.4630"-03 6.24100+02 3.8757'.02

73041005 4,6027 0.7523 AA.q46"#03 U83000-04 6.1769 1.3002 1.350"+03 1.60921,03
2.0570+00 5.2691"+05 1.0161 2,787*÷04 6,5490"-05 1.6366 1.8023 2.9020o+02 8.04304#01
INFINITE 4.2121*+01 0.0000 2.78W6'-03 -1.3735"-0l 0.6911 4.70571-03 8.2762*+•2 3.85171+02

i.1



7304-BA4

CAr 7304 VOISINLT BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN 4D TW7I'TR PEO2W CF * H1.2 8112K PIP. PD*
X POD PVS/"0 RED2D co * 811 8102K IV#* T0*
R2 TOO SHW 02 PH2. P44 02K Ur) TIP

73041101 4.10el1 0.2337 1.7632"03 2.1000"-03 4.0198 1.3376 S.7160"+02 5.956',+Oz
1.44bol.00 1.0394"*05 0.9547 R.Z470".O3 NM 1.Gus7 1.7894i 9.0910.+01 9.67850#01
INFINITE 4.2299**02 0.0000 3.21419-03 -1.43400-01 1.0038 4.5104*-03 8.0972"+02 3.890h"+*02

730411v2 4.3312 0.2378 0.32W8+03 1.5600"-03 3.7073 1.3628 4.bO09l+U2 4.5039"*00
1.70'0eO+O 1.0534'iOS 1.0233 A.&3021+03 NM 1.7957 1.7792 9.27704+U1 8.9443-f01
1, 1 9.2SO20.01 0.0000 3.832SO-03 -, 10'O 0.9816 5.19186*-3 6.21251+02 3.90120+02

73u04091 4.1241 0.2330 2.7'1431#04 1.43SU'-03 5.1203 4.2896 2.6
0
30"tO3 2.8282**03

1.044W+00 5.0601"+05 0.V522 2.S9291+04 NM 1.62P. 1.8051 9.0560'*01 9.6014"f01
INFINITE 4.22621+02 0.0000 2.1375O-01 -2.60200-O1 0.8446 3.1631"-03 8.1022"+02 3.6865"+02

73041?02 4.3881 0.20.' 2.6339"+04 1.3S500-03 4.3236 1.3165 2.1410"#03 2.0605'+03
1.7020"+00 5.1809.0+0 1.0391 2.64I4"*04 Nm 1.8143 1.7950 9.4R40"#OI 8.7179'.U1
INFINITE 4.2291.+02 0.000a 2.62i1'.03 *1.2?13*-OI 0.6441 3.7649"-03 6,2107'tUa 3.6?99'4Ol

73061203 4.5016 0.2321 2.8055,04q 1.34000'-03 S.0707 1.3067 l.86400+03 1.05601+03
1.90501100 5.3563b+05 1.0043 3.0123"404 NM t.8175 1.7979 8,q65o-,oI 6.33800+ot
INFINITE 4.21344+02 0.0000 ?.AISI"-03 -1.0236"-0l 0.6323 4.2343"-03 8.2419"+02 3.861q'+02

?3041204 4.6116 0.232a 2.8326**04 1.3SO00'-03 5.1300 1.3056 1.6480"+03 I.6309'tU3
2.0570"400 5.41941+05 1.0105 31.1633"#04 NM 1.0148 1.7992l 8.95A30,401 8.0009'OIJI
INFINITE 4.20321+01 0.0000 3.0890*-03 -3.99601-02 0.8003 4.63260-03 8.27050+92 3.6492"+02

730413,01 4.1303 0.3236 3.T4S2~*04 1.0q30"-03 4.9156 1.259d S.57S5I0'ooS .S750"403
1.4460"#010 1.0175'*06 1.0000 4.6i658"+04 NIA 160815 1.8207 I.2630'AIJ& 9.50850+01
INFIaitw 4.244so+02 0.0000 P.0.!14*-03 -1.S229"-Ol o.7335 2.976s"-03 6.1267"#02 3.90294U42

?304110? 4.3617 0.2538 0.0527',0+0 1,1220"-03 4.SS02 1.2612 '(.2360M#03 4.1076"+03
I.MV0#0'0 1.0245".06 1.0312 9.O0000+04 NM 1.0301 1.8101 9.6620,+Q1 6.5075'Gut
INFINITE 4.1175"*021(1.0000 2.25264-03 -1.27310-01 0.0090 3.26301-03 8.1032N+02 3.7716*+01

734413ul 4.S095 0.2407 4.7571'+04 l.1tJ00'-13 5.5929 1.1779 3.72o0',03 3.12000+03
1.9050"#00 l.0890'+Ob 1.0000 5.3026"+04 NM 1.8360 1.8143 9.4310'401 8,4319'*0I

*INFINIIE 4.?756'0l0 0.0000 2.5I22"-03 -1.1t1480'-1 0.7556 3.84d424.03 8.3o53uo02 3.91S70+ui

7SP413um ".'5081 0.258b 4.t82*+C04 1.1200"-03 5.58170 1.270S 3.29400+03 3.35866o03
R.05706+00 v.6165.05 0.9805 4.49601+04 NM 1.8371 1.8152 1.0010"+02 8.3375"+DI
INFfldIlF 4.12?kb"02 0.0000 2.57630-03 -9.414300-02 0.6209 3.9S70"-03 b.2S32"402 3.0701'sO2

?17041401 4.3171 4.2211 q.79400#03 1,6600"-03 3.103) t.3605 4d.S8700+02 0.46U04*02?
1.70200+00 1.O24om#05 1.0284 9.4064"+3 fNM 1.7967 1.7795 0.6i040"011l 9.0009.401
INFINITE 4.2589"*02 (1.0000 0.1764*.03 -L.4624"-Ol 1.072S 5.'41010-03 8.2156*+0? 3.9097"+Qg

73041402 4.4549 0.2249 q.18190+03 1.50004-03 3.4729 1.3817 1.71400'02 3.75W+'02
1.90$0'0+0 1.0273*i0 0.4669 4.40381+03 140 1.7836 1.7679 8.7930"+o1 6.561ol4u1
INFINITE 'I.26411+01 0.0000 0.S7970-03 -. ?5-l 1.1190 b.0996'-03 S.17T00'4U1 3.90999+02

1 304140.1 4.ssa? 0.2181 9.7510*03 1.61000-03 3.25-bO 1.3689 3.%5300+02 3.41760+02
a.OS706400 1.0561.0*0 1.0396 1.00240+04 rim 1.78S9 1.7691 8.51401+01 6.96211+0I

*INFINITE 4.2lbS"+02 0.0000 4.96OS'.03 -1.0967"-0l 1.0926 b.565S*-03 b.3071*+02 3.90044+02

73041501 0.3708 0.2!66 2.95030+04 I.3500ok-03 4i.?610 2.3252 2.15100+03 2.1016'+03
1 7010.0o s 17697"*05 1.02!40 3.104S*,04 NM 1.8077 1.7890 9.1430"*01 b.6639-+01
14rNFIIE 4:1767*,02 0.0000 ?.7916*-03 -1.3044*-IUl 0.8548 1.98Wo-03 8.1569'402 3.6320+021

?3041902 4.5118 0.286a2 .1995*+94 1,34000-03 5.21879 1.3336 1.6940*+03 1.76900+93
.90s 0'0 s 5.1955.05 0.9599 2.91740+04 NM 1.8079 1.7681 1.1120*+02 8.30U041'u1

INFINIOTE 1:20 93"+02 0.0000 201
3
W-0~

3 
-1.1347"-0l 0.9508 '8.3180*-03 B.9015*+u2 3.05?90+v2

73041503 4.6183 0.2S29 2.5870**04 1.3S00'-03 4.8191 1.3158 1.5800*+U3 l.SSO"4-03
2.01?00*00 1.2936*t05 1.0000 3.1395',00 NM 1.6101 1.7917 9.01070.+01 8.0425-+Ul
INFINITE 4.2310',02 0.0000 3.1813'-03 -9.6'180*-02 0.9j!03 4.703b'-03 5.3O40*oU1 3.6782*+02



7304-B-5

EVALUATLO DATA - PFIE33URF 8ASED REFERENCE FLC~m

RUN D?2r'0 H12PD H32PD MGMPL RE02POO RED?PD0W OSTAR
vH1w ION IiIZpw ?U2pR RED2PWD REOZPWfN

73040301 1.0130--03 b.69 53 1.8513 0.2074 M.2b7I"*Uu I.3908"U4 7.362q"-03
l.1007"-03 L.6879 1.8S2Q 0.2472 4.2707"+04J 1.4009".oQ

73C04010 13sl"03 7.733 1S60.l225 4.5853"rjL* 1.398n*+04~ 102~56"-02

73040303 1.5fi4.l'03 8.114.7 1.8502 0.W19 '4.7551'+0'J 1.3379"+04 za6"4
1.536*t-03 5.1115 1,6504 0.2194 14.7369*604 1.338'4*+OR

7304030'4 1.6926"-13 B.b177 1.81bS 0,2190 a.i8SS'#u9 1.3200"+04 1.4I6670-oi
1.7258"-03 8.b271 t.854'I 0.2191 4I.6802"+U4 1.3166"+04

73040305 1.93"0 0961 .81 0.2098 4~qS39'.10M 1.jd916'+u4 1.bl'46-02
1.97~03 6962 1.6506 0.1099 4.95320+01I 1.2926"+f9

75041101 2.0231".03 J40161 1.6015 0.733b 4,4710*+'L' 3.75W+0I4 9.9566K-93
2.o231*-0S 4.9t6l 1.8405 0.7136 4.6710'tfJM 1.752r*+04

73041302 aapo"b-43 4.9142 1.6 0.192 ii.9529"+v4 dl,610W'u4 1.0?500-01
2.1812"-93 '4.9204 1161301 0:181631 4.9867"*49 4.6*4fl"+04~

73u0l13o 2.¶JI22*-Ol 5.5495 1.8300 0.?S56 S,3099'*flu '.7629"+04 1.'40500-02
5.I1'0 .5425 1,5360 0.7556 S.309Q0*90 4.7600+~04

730'41S04 2.5998"-03 5.2924 1.88 0.811% 5.oo75'040 14.a254I"04 1,39420'u2
20~329".03 S.2460 1. 90.88140' 5.oUml.+0U d4.2225"+U0



7304-C-I

73040301 VOI8TtJET PROFILE TABULATION 3S POINIS, DELTA AT POINT 2S

Y PTP/P P/PD TO/TOO 4/14D U/UO T/TO RHO/RHOD*U/UO

1 u.0000"#00 1.O00o0"00 1.01602 0.86583 0.00000 0.00000 3.51460 0.00000
2 6.5000-01 1.3S45"+00 1.01502 0.87969 0.17353 0.31330 3.25980 0.09784
3 1.400O-04 1.8224W00 1.01602 0.591)7 0.24191 0.43190 3.03710 0.14477
4 2.1600"-04 2.QIRA7?00 1.01802 0.89926 0.0850 0.51810 2.82040 U.1701
5 2.92001-04 3.0844"÷00 1.01802 O.909g9 0.36134 0.5"64o 2.63370 0.22666
6 5.2100"-04 3.8669"+n0 1.01802 0.921oq 0.41392 0.64770 2.44860 0.26920
7 b.96000-04 4.3458"+00 1.01802 0.92*62 0.44282 0.67800 2.34700 0.29426
8 9.7500"-04 4.7626"900 1.01802 0.93062 0.46644 0.70190 2.26440 0.3155b
9 1.2070*-03 5.01440#00 1.01802 0.93382 0.08013 0.71S30 2.219S0 0.32509

I0 1.4630"-03 5.27180"00 1.01802 0.93197 0.49372 Q.72860 2.17760 0.34059
It 1.1170t-03 5.5418"+00 1*01802 0.93977 0,0777 0.74100 2.12960 0.3S422
12 1.9960"-03 S.6164"900 1.01802 0.93974 0.32136 0.75140 2.01990 0.36802
13 2.27600-03 6.0817"*00 1.01802 0.94411 0.53416 0.76360 2.04360 0.J0o'9
14 1.4240"-03 6.2111'+00 1.01802 0.94120 0.S4033 0.76710 2.0150 0.38746
13 5.12100-03 4,416")00 1.01502 0.96035 0.64128 0.64230 1.7?S20 0.49703
16 7.7420"-03 1.0774'÷0l 1.01629 0.97273 0.72479 0.9170 1.51360 0.59672
17 1.0030*-02 1.?6231+01 1.01076 0.97924 U.78723 0.92210 1.37i00 0.68201
16 1.)2624-02 1.4442"0fl 1.01303 0.98559 0.54416 0.94610 1.25770 0.76253
19 1.S420"-02 1.60121+01 1.01110 0.99160 0.89037 0.96510 1.17490 0.63O0S
20 1.79886-02 I.?3S01+01 1.00937 0.99498 0,92736 0,97800 1.11220 0.68717
a1 2.0480"-02 1.84170#01 1.00764 0.99640 0.91661 0.98700 1.06410 0.93463
22 2.27160-02 1.1501+01 1.00529 0.99010 0.97616 0.99300 1.03480 0.96469
23 2.5073"-02 1.92$6*0÷l 1.00449 1.00035 0.9?840 0.99470 1.03360 0.96717
a4 .5469"-02 i.?qao*0| 1.00244 0.99699 0.99240 0.99770 1.00990 0.99033

0 2S 2.7654"-02 2.00731f01 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
26 3.05490-02 2.01701+01 0.94715 0.99739 1.00246 0.99930 0.99370 1.00277
27 3.2990*-02 2.02490+01 0.99460 0.99680 1&00445 1.00050 0.49210 1.00303
25 3.5303"-02 2.02630+01 0.99277 0.99963 1.00462 1.00110 0.99260 1.00127
29 3.822?7-02 2.0285901 0.99033 0.99996 1.00530 1.00130 0.9lq0 0.99971
30 4.079S"-02 2.03W#401 0.9661S 0.99996 1,00619 1.00150 0.99070 0.99691
31 4,3261"-02 2,0339"m91 0.94319 1.00069 1.00674 1.00210 0.49080 0.99431
32 4.6007-Op 2.03149"01 0.9861S 1.00199 1.00613 1.00250 0.99200 0,99579
33 4.63970-02 2.03140#01 0.96636 1.00179 1.00613 1.00240 0,9926o 0.99610
34 S.0305'-02 2.03441401 0.98208 1.00142 1.00689 1.00240 0.99110 0.99328
30 S.2746'-02 2.0408"÷01 0.97414 1.00203 1.00851 1.00310 0.98930 0.98773

INPUT VARIABLES YIU/UD#I/TDP#Pl

Ji'-



7304-C'-2

730'I030e VOSM!ET PROFILE tA9ULATION 9;7 POINTS, DELTA AT PUINT 42

I y pT?/p P/PD TO/TOO HMD, 0/tit) 7/ID RHO/OHnU*U/UD

I 0.0000"+Do I .00110"+00 0.q7690 0.86778 0J.00000 0.00U0)0 3.7M4170 0.00000
2 6.3000"-05 I.?41418+00 0.97694 0.67136 0.13834 U.26140 3.57obo 0.07152
3 1.41000".0' 1.5719"+00 0.97694 0.84M8 0.20285 (.S.7270 3.37470 0.10789
0 2.0800".041 2.0264'+00 0.91694 0.6914o 0.25795 0.45oso 3.177'3u 0-1'413b
5 3.14300"-04 2.814R80+40 0.97600 0.q10b62 v.32712 o.55760 2.90550 (,.u)749
8 14.95l0:0"-0 3.3573"Co0 0.97694 0.91373 0.3b225 0.40240 2.76530 0.2i2md

7 570"0 .23+0 0.97694 0.91070 0.3856q U.63030 2.01400 0.23050
6 7.'J9O0"-0J 4.0775"+00 0.97690 0.92380 0.40M6 0j.0,1100 2.59060 0.20663
9 0.05440-03 '4.2120~1"fl0 0.976944 0.92868 0.43062 0.o0020 2.49500 u.26633
10 I.283I0"-03 0.76730+flo 0.97444 0.93040 U.441423 0.09400 2.40b060 ~.27140
11 1 .5620"-031 5.0072~*+no 0.97894 0.q3309 0.5866S 0.70610 i!.3qa3o Q0.8803
12 2.0960".03 5,10000+00 0.97694 0.937814 0.98055 0.73000 2.29810 Vi.31033
13 2.8030"3 5.4303"+00 0.97694 0.94035 0.50147 0.74740 2..22250 V.32862
10 3.0350O"-03 6.3895"+flu 0.976914 0.q'l78 0.51374 0.7bl80 2.15670 0.30508
15 3.6200"-03 6.7531*+O0 0.976914 0.q4632 0.53822 0.77830 2.09110 0.36362
lb 4.1270"-03 7.125A"+no 0.976914 0.94061 0.55005 0.79060 2.1136po o.37932
17 14.6bo8"-03 7.5397"+I10 0.97694 U.9S23q U.57110 o.on390 1.44140 u.39637
to 5b.0870"-03 7.A393"+11o 0.97694 0.95434 U.S8314 0.512110 1.9423u 0.40077
19 5.7020"-01 8.2730"+0O 0.97733 0.95849 0.401012 0.8?~440 1.p(8100 t.42696
20 v.1340"-03 A.S96o".00 0.97763 0.9S786 0.b1255 0.b3260 0.84750 U.44058
21 6.7180"-03 4.00071.0o 0.97802 0.96018 0.02758 0.8J42SO 1.80220 v.Wai2
22 7.17600-03 9.3668"+00 0.07631 0.959814 0.04009 0.81141)8 1.7S790 0.147293
23 7.78561-.01 0.7903"i.00 0.97870 0.96162 U.b~u?0 U.Srq919 0.71400 0.09oss
20 8.7;20"-03 l.044801+041 0.97c92( 0.96321 0I. t7998 0.))71410 1.4.5330 o.b07dl
25 9.5380"-03 1.10584l+01 0.974778 0.970NO 0.09935 ().8p5no 1.60140 0.514M
24 1.0223"-0?2 1.15531+fl1 0.98027 0.97280 (),7155b U.849350 1.155920 0.5b070i
27 1.0065,-02 l.2140914fll 0.98105 0.97705 U.74271 0.9'4750 1.09100 0.59b32
a$ I.agql*-I)a 1.33321+nl 0.9A193 0.960%9 U.77099 0.92080 1.02670 0.6337.4
19 1.14033*-D? 1.4019"+fl1 0.95271 0.qA3114 0.19120 o0.9?QQO 0.341pv U.66160
10 1.5031*-D2 1.466i~'+41 0.94359 0.96627 U.01%50 u.941130 1.304s0 11.6obbs
31 i.b3qb*-02 1.15o77"+Ul 0.9A417 0.96832 0.83278 0.914130 1.24000 u.72048
32 l.7A04-02 1.63?1"400j 0.98515 0.99107 0.0589 0.95600 1.248140 0.1$46%
33 1.0685"-02 1.6878"+01 0.9M583 0.9920? 01"7079 0.98010 1.e01970 u.7773o
340 2.0460"-012 1.7729"0ll1 0.98691 0.99081 01.89310 0.Yh9'0II 1.17800 0.40088
is 2.1425"-02 I.8L618214f 0.987s9 0.99483 01.904478 0.97290 1.15610 u.bl09s
36 lb .2847-02 1.8857003' 0.98877 0.991484 0.92184 0.9778'9 k.1251u 0.B5930
17 2.143'46"-UR l.9o01"ol 0.99004 0.99730 0.93738 0.9m311) 0.1002o 0.081475
.4S 2.SS40"-02 1.9902N+01 0.99101 0.94830 0.940,7 0.9b6140 0.08340 0.90?22
39 a.My"7-oa 2.AS93Y.01 0.99297 n.q99983 0.106438 0.99131) 10.156h 0.93160
00 3.1250"-02 2.139O0',Il 0.99570) l'vo(10 0.98330 0.q9810 1.02620 0.98600
021 3.3922"-n2 2.18551"0f1 0.99784 1.00033 U.49909 0.99880 1.00950 0.98721

0 02 3.Ii4d?"-02 2.2lfn61+01 1.0000 0.U00009 1.00100 1.00411)0 1.00000 1.010000
03 4.95261-02 2.2305"+EII 1.0(332 0.99991 1.000517 1.010109 0.99290 1.01151
00 14.3072*-Od2 ?.2314vo".0 0.00587 0.99995 0.00538 1.00120 0.94170 1.00b3o
05 o.5436"-02 2.37"0 10.077, 0.9993b 0.00625 1.111110 0.98980 1.01922
086 4,7903"-02 2.24400"*01 1.004148 1.00110 0.00879 1.1010al 0.99070 1.01645
07 5.0711'-02 2.236l0*fl0 1.00723 1.00131 1.00639 1.00?00 0.94180 1.01769
Al 'J.28761-0? 2.?33l54.fl 1.01090 1.00160 1.04527 1.002to 0.99.370 l.02140
49 5.5786"-02 2.2Z313,fl 1.015444 1.00223 1.00477 1.00220 0.94440 1.02289
50 S.7721-uz ?.23f041+n0 1.01671 0.00213a 0.U005 1.00220 0.99530 0.U2375

50 b.10049"-02 2.?322?"+fl0 1.011456 1.00273 1.00097 0.09250 0.99510 I.Qpa00
52 0.341l0-02 P.231%'400 1.U1270 1.00300 0.00527 0.0naq0 0.99530 1.02U43
13 6.61%4"-D9 2.2278*+01 1.01973 0.003s9 0.00398 0.001270 0.99750 1.02b05
04 6.0694".02 2.22AQ*,01 1.01876 1.00J66 1.00421 1.04am0 0.99720 1.011448
SS 7.0777"-32 P.2212"0fl 1.04232l. 1.00(367 1.00133 1.114o270 V.99070 10.2135

So 7.JSA1-02 2.~223"+fll 1.02614 1.00008 1.00105 0.04(280 1.01(070 0.uSU29
7? ?.b3b5-02 219.1 1.03008 1,00381I10.00210 1.008!4o 1.110)060 1.03213

INPUT VAPlIAILL3 Y#,L/'jD.TtTOP/PW



7304-C'-3

13040sn33 Vul 3~ I')F FlrnTLE TABULATrION 55 PIOINTS, IELTA AT PW4NT 37

1 y PT2/P P/pl) To/T40. li/MD unUf T/ID RHO/RHfL,)*UJU0

I 0.0o00"+00 2 .010~00 U 2 I.Vlu20 Q.ishL2' 0.U00000 0.000AI1 4iflA?5u U00004O1i
2 C .30001-05 l.15Eh2*+00 2.010?" 01*67069 U.(1616 O.*!1 1 Q0  3.03420 0 J,054'1
3 1.o00-04 I.52140+'bu 1.11102.0 U.100511 ').1A3sb 0.35240 3.1.%Ao U.09654
4 Z.lbo0l-04 pRoot'u+P 1.010?0 U.Hq211o U.2'1969 u.4bis 3.423?0 u.13653
5 3.-4400"~-04 ?.0I54"t1IO 1.02020 11.)flal'1 0.31609 0.5577() 3.11300 11.L$QQ8
1. 5.12(10'-v0 3.5748"400 1.010p0 U.9 12;7 0.351121 0.61210 A.,91 0 0aJ1165
7 6.2%00*-04 11.0581"+l1U 1.010202( U.92145 ~0.377T IJ.b14b?() .2.

79
7lb2 U.23300

a1 .l260ol-01 ll.3456"+"U 1.019120 U.92294 U."0126. 9.(.619o) 2.72i00 0.2405741
9 1.4.1)0"-01 11.716.+21Jl 2.010P.0 0.92609 0.4201b Q00o1230 9.034601 0.211162

10 2.0115n"-u3 5.12W+00'l' 1.02020 0.92457 0.444197 M067l90 2.52360 U.J82951
11 2.14770'-11 9.18W#4,ll 1.01020 0.933'22 Q.46209q 0.72370 2.45260 Q.dqa0b
1&' 3.1080"-03 b.t5O9"too 1.01020 11.93?82 0.40705 U.74bU2 i.3492U U.32101
13 4.0fl10*-03 a.7152+90I 1.010io 1.94138 0.51044 U.766170 2.2$260 U.345433
14 ".4sa0"-03 7.11357"tl)l 2.U0200 0.944112 0.52187 u.17771. 2.20330 U.356153
Is 5.0I.0.01- 7.U39l"0Ou 1.0120?0 0.94690 0.5396V v.79(10 .142420 0.37251
I* 6.DS80*.03 A.nb58.+Ao 2.1110p0 (1.95256 0.564)41 0.80,290 2.10,400 0.34704
11 1.0'2901.0$ 6.79470.t00 1.01920 0.95504 0.59033 u.8?724) 1.9615u 0.425S9
18 8o'1411-03 9.4762".Ino I.U1020 0.96027 0.61401 U.6113102 2.AA510 0.45174
19 9.1520".03 1.0250"ql0 1.010?o 0.9h~iv 0.84002 0.05960 1.0OU20 0.410244
20 i.~3-' .9)78"+Il1 2.0l2q2 41.91.810 U.66327 U.67300 1.?34!40 u.50110?
21 1.1417'-112 i.17NO,J,401 1.04980 0.97M2 0.b00723 0.860120 1.664120 0.537288
22 1 .?7O9p.0 1.2e010"M I.00943 0.97560 0.113%9 0.900(20 2.50gb U.b7l2u
a3 1.344W~-02 1.33S1"M0 1.00899 0.97912 0.734416 02.910401 1.%35Q ' U .59744
04 1.535'1-02 i.4221"A*fl 1.001159 9.98230 WSW6 u.9?17') 2.147b20 0.1.3azu
as 1.?l".1 .4801140+1, 1.004120 0.96349 0.17403 0.9P650 1.41600 0.05294
20 l.7691"-02 1.5649"v1il 1.00174M U1.96626 0.19716 U.93770 1.38300 U.69336
47 1.47113'-021 .63?1".I22 2.0474A 9.9613b 0.61401 0.941220 1.34200 0.70641
ad 2.04I3d4102 1.7324.4(ll 1.100.07 0.991154 0.84034 0.95400 12.8C810 '.74538
al 2.10450-02 1.4760'$01 1.00616 9.94360 0.67535 0.911.020 1.21800 u.7940(7
30 2.5413"02 i.480600 ol2 1.UAS14b 0.99622 0.90078 0697430 1.16400 0.03715
31 2.7927*-02 ?.1186"sol 1.1104b5 0099777 0.91478 0.96140 I.1ao?o 0.47548
$9 3.0391'-02 2.27A9*+DI 1.010394 02.99654 0.94I501 0.94660 1.(1900 0 .9065S
33 3.288o0.ih2 R.1502m44ll 1.00313 0.9q960 U.96262 0.99150j 1.(16040 V.93741
34 3.52*2 2.31290"1~ 1.00232 1.1)0043 0.97781 0.99540 1.03630 0.96276
AS 3.7503".012.3l~ 1.00M7 1.00070 0.q14u110 0.90750o 1.1)21110 0.97749
36 Q.93113*-02 2.11'1 1.04002 1.0006b 0.94526 Q.9094u 1.120650o 0.99176

0 37 4.2662"-02l 2.43424tol 1.09000 1.V000(0 1.00000 1.100040 1.401000 1.000011
So M4.sans"-02 2.41590"(11 0.999201 1.00042l 2.00518 1.001130 0.99d31) 1.00815
39 l4.4247'.0(2 2.46b33",112 0.9083J6 1.000413 1.00609 1.001%51) 0.40400~ 1.04906
40 5.04.sel-02 2.4665""f1 0.941754 0.9q979 2.00726 2.00140 0.9mb20 1.010'49
41 5.32900,-ti 2.4700'+01 0.945115 1.00122 1.007SS 1.0(2220 0.409400 1.00631
42 5.51OV02.O 2.47t16+01 0.99444 1.001125 1.00771 2.00220 0.96419 1.007111
113 S..84%802-0? 2.47114+01 0.94M3 1.00139 1.00"111 1.0024 0.961170 I.J0.121
44 6.0158'-02 a.117118+02 0.990s0 1.00264 1.00647 2.0(12.0 0.116641 1.00471
'2s 6.55691-Oi? 2.4703*+n1 0.99535 2.00a22 1.vn755 1.01270 U.90(1040 1.00772
4wU 6.601271-02 2.4700+810 0.99b35 1.00062 l.Ufl7s6 1.00100 0.94400 1.006441
'47 6.8488"-02 2.4674e04-1 0.996468 1.00170 1.0(1135 1.00240 0.990?u 1.00674
118 7.9950"-02 2.4743"M0 0.99S06 1.00423 1.007%4 1.00170 0.99.2Qo 1.00720
429 7.32ts".02 2.4690.+140 0.99677 1.00332 1.001311 1.0(1320 0.99200 1.0062a
50 1.7940"-02 2.46l11*01 1.U0016 2.00381 1.00569 2.00320 0.995(10 1.011135
$1 b.J4360-02 2.45461+01 i.01390 2.003410 1.00428 2.00960 0.99070 1.01994
$2 b.6677'-02 2.4543"+O1 1.014211 1.00442 1.00421 I.00320 U.99140 1.$)1963
%I 9.2113"-bi 2.451'0)"01 1.01647 1.00%414 1.00370 1.00350 0.999110 1.020113
S4 9.6914*-02 2.14404~0#0 1.1)3041 1.00566 1.04134 1.001320 1.00304 k.02979
%5 1.01940-01 2.43W+~01 1.013598 2.00488 1.00030 1.0112s11 1.110440 L.013400

114PUT VAPJAUESL Y#UjIU~pTlTf),lpP



7304-C-4

7301403014 VOISM4ET PROFILE TABULATION '26 POINTS, DELTA AT P0114T '43

1 y P71/P P/PD To/TOtI I4/tif IUDU T/10 RHO,/RHOL)*U/UD

I 0.CO140100 1 .0000" +00 0.970140 0.86732 04,00000 0.00000 14.28230 0.00000
2 6.3000"-05 1.114014"+00 0.970140 0.873544 0.09557 0.20090 14.151410 U.014693
3 b.90u0*-05 I.2'155*40O 0.970140 0.87654 0.12022 0.25540 ~4.071?4fl Q.616'4
14 2.14100*-0' I.9508-too 0.970140 0,80.149 0.25115 0.144130 3.6141470 u.11750
5 3.14100"-014 2.123157"*00 0.970140 0.902114 0.280417 U.516AO .3.140260 0.114739
8 14.Aq41400~O4 2.96911+00 0.970140 0.90835 U.310532 0.55960 3.25190 U.b6899
7 5.2100"-014 3.2811~.+0 0.970140 0.91327 0.330445 0.Smb60 3.153140 0.18058
8 6.7100"-04 3.7I09"+00 0.970140 0.918141 0.35S33 14.618140 3.02488 U.19813
9 6.5100"-014 3.q9tle"to0 0.970140 0.92241 0.371014 0.63760 2.95360 U..!0948
10 1.00I30'-03 4.2213"+00 0.970140 0.9?252 0.38301 0.65060 2.40720 0.21074
11 1.2570"-03 4.O4l4n7"00 0.9714140 0.92212 0.3914?8 0.66260 a.6214204 0.22767
141 1.6130".05 4.6039.#O0 0.970140 0.92666 0.1412?2 0.06250 2.71412o4 0.214361
13 2.01901-03 S.114670+00 0.970140 0.93166 0.1426145 0.70010 d.07010 0.2S141414
114 k.14a60"-03 5.05331+f114 0.970140 0.q3140 0.1442144 u.711430 2.601450 0.26543
15 2.5320"-03 5.7362*+00 0.070140 0.93711 0.145)40S 1.726140 2.514910 0.27651
lb. 3.34110"-03 6.15?5"00 0.971140 0.914028 U.147275 0074290 2.1461441 0.499144
17 d4.0010*.143 6.'5401"+00 0.970140 0.914188 0.418714 0.75880 2.39010 0.30637
28 4166680"-03 7.0070"*f00 0.970140 0.914137 14.t0730 u4.77080 1.30860 0.124014
19 5.14250".03 7.14S73"*fl0 0.97060 0.914b92 1.521458 V.70540 0,2416I0 0.314007
20 6.3650"-03 6.0670*flo b.97118 0.95031 0.514709 u.80240 Z.1538 0.362014
al 7.04140".03 8.71111+00 0.97186 0.95s496 0.56997 9.81960 2.061480 0.38512
82 8.31440"-03 0.13110.fl0 0.972144 0.911794 0.%9101 0.83400 1.99130 u.140728

*23 9.3600"-D3 1.0000"0t 0.97312 0.96176 14.81297 U.814830 1.91520 0.141109
214 1,0176"-02 l.0621"+fI 0.97370 0.98214b 0.06328 14.55930 1.814470 U.145351
25 1.1621"-02 I.141430f1 0.9714416 0.068914 0.65750 0.87400 1.76650 U.1482114
28 1.99920-02 1.22143"+0l 0.97535 0.97102 04.661143 .687120 1.69b10 0.510449
27 l.412114.0? t.p970"*fl1 0.97613 0.974S5 U4.70216 04.80810 l.t.S59o 0.5.1569
is t.54OV5-142 1.3617"01l1 0.97690 0.97713 0.72180 9.907(1) 1.5811o 0.56077

*29 1.6700.0-2 9.444~0 .97768 0.944031 0147120S 14.92720 l.b2I48o 0.526b491
30 1.113W1-02 1.51408'*fll 0.97875 0.96146b 0.70760 V.92900 1.146010o 0.62087
)I R.03554002 1.65968"01 0.99001 11.98621 0.79737 0.9141110 1.3927o 0.862114
12 2.3176"-02 1.41144"+111 0.99176 0.49182 14.83501 0.951460 1.30750 0.719149
33 2.5768".102 1.0140u"+nI 0.983141 0.991411 04.56423 0.981450 1.21455 0.76514
314 2.5232"-02 20.1052 "4l 0.981498 0.99571 04.689146 0.97220 1.19147V 0.60152
35 3.01118".02 2.11514"+.0 0.98632 0.99563 14.91130 14.9770q 1.1514Vu :.03762
10 1.3105-02 ?.?52s*+01 0.06608 0.99800 0,43285 0.9837o 1.112nv 0.87400
37 3.58770-0J2 P.1101"801 0.94971 0.99892 1.91491,1 0.9614501 1.oA6470 0.90194
is 1.61690-12 2.310190+01 0.99117 1.00089 0.959614 0.91411140 1.167h o0.9z071
39 14.09070-014 2.I4411lI~.0 0.99292 1.06175 0.97149 14.99500 1.91474o 0.014270
'10 14.32441-n.? 2.4968-s01 0.991437 1.00016 0.96.117 0.99680 1.021'2u 0.961447
141 14.6012"-14? 2.5534401M 0.99812 0.998145 0.994147 0.99710 1.00530 0.911799

42 4.d62?t"-02 2.15733*+V1 0.99777 2.0002'5 0.99040 04.90961) 1.140260 Q.091411
0 43 .21bil-Ia 2.55114"0UI 1.00000 1.00000 1.000014 1.0Q000 1.110000 1.0000V

144 S.611471-042 2.11839**Ol 1.002143 1.00020 1.00050 1.000214 o1q4o994 1.0043242
145 S09630"041 2.5919*011 1.00475 1.00u17 1.V0205 1.U00450 0.99090 1.00830
146 6.366V'.02 2.S88840#0 1.00625 1.00061 1.001145 1.000b61 0.9963o 1.01057
'47 6.741751-02 P.41511040+0 1.00873 1.001?7 1.00110 1.1011040 0.99920 1.010145
148 7.11489'-0? M398671+61 1.01058 1.00176 1.00105 1.00110 1.00010 1.011S9
'49 7.5298'-02 P.58552"$01 1.011114 1~u.0050 1.00075 1.1)01140 1.110130 1.011914
so 7.9032*-02 2.50870.+01 1.01019 1.00a5b 1.0011%) 1.140150 1.100010 1.019094
il1 8.301l*-02 a.%9'I1"+f1 1.1402143 1.00119 1.1020as 1.1002114 U1q4o994 1.014523
52 6.6652'-0?2 .S9*9"#O1 0.94767 1.00307 1.140330 1.004220 0.09760 1.00207
S) 9.o%8Q"-02 2.5862~0+0 1.041077 1.003142 1.0009S 1.140190 1.00140 1.01077
S41 9.14248*-02 a.5790#11'1 1.01776 1.00412 0.99970 1.0fl200 I.1101460 1.0212tl
SS 95.70014'-02 2.54001t0+0 0.04981 1.001463 1.00290 1.1n4620 1.'10000 1.00271*j514 1.0169'-0l 2.6b4uha41 4.968145 1.00539 2.00s01 1.146371 4.097140 0.099470

*INPUT VARIPIILE1 Y, W I I, 1II T, P I'PW



1304-C-5

730'40-Wi VO1MINIr PWHIFILE TABULLAYIDnt 43 PIJINTS, LJELTA AT POIN4T 35

y P71/P P/PD 70/Tof) M/MD U/U') 1/10 T/lD M(l/RifHnv*UuUU

I U.0000"+Onf 1.n000".00 $3.99
o44 0.843863 0 .0 Q000 Q.00000 4

.4A1U60 u.000004
i b.30W00-5 I.0953*oflo 0.9Qo4al 0.066430 o.O(R006 9.143634 44.3lu7o L).03B40
3 l.qO0Q*(4.0 1,1O006"+00 049641b~ 0.67j!42 0J.13772 44.21400 '4.13t,61J 0.067447
14 1.91no"-034 1.1576'2"0194 0.99b'41 0.81q';3 0.18376 0.1bSI0 3.q,1150 U.0921b
5 2.41044"-tIil 1.12446"to0 0.996401 0.04311 0.20M9 Q.3')711 S.8bsr.0 0.1021b
43 2.67001-044 l.936o,.no O.99qo,. 44.bo75 ().,22483 u*L415A') J.757?v v.11557
7 ).'4300"-044 2.14460#0',t D.996441 0.89703 0,26757 0.503bg 3.5.%'I3o 0.lalbto
8 d4.1,400"-044 2.6bas"Ool O.996b4l 0.90062 0.Ma32 U.527no 3.464!25) U.151668
9 A1.95004-04 a.954n-0~0 o.qqb441 0.90060 0.3.0272 o.b%SZU 3.34338o 0.1644643

10 S.21900-044 3.lthq41Q 0.q96461 0.904361 0.41302 U.543960 3.311343 0.171440
It S.Yao500-4 3.224644+00 0.qi41 41.90964 0.S19b1 0.578460 3.A750u u.k7598
12 b.9800"-'044 3.S9031+10 0.99b461 0.91b00 0.44100 0.60640 3.161630 U.19091
IS bdiSOO".04 3.8l491,0+0 0.996401 0.92022 V.35529 0.6a2520 3.1I90Qo4 U.d01143
146 1.1054".0s 44.1443S"+I1 0.996411 0.92370 0.37061 0.6143400 1.01050 0.11275

*15 1.3060"-03 4.3137?"fl0 0.996441 0.92305 0.37961 0.01349 2.qbi7o 03.21975
16 1.5660".03 4.%913'#410 0.946441 0.9254b44 0.3q333 0.6#i8AV 2i.89120 U.23044
17 1.6?00-03 4.63P3%+00 0.946441 0.92768 44.440475 u.646134 2.63330 0.d3960
to 1.146-O*.s 5.(Ibf59*o0 0.946441 0.92093 U.441500 0.69150 a.?76440 0.1Q4S63
19 2.1750'-03 S.2043a"'4fl 0.99b434 0.92925 0.442201 U.69880 2.74s4260 0.25)944
a 5 3.95001-01 6.2861,400 0.99841 0.93721 Q.4b4861 Q.7'4110 2.5pl010 Q.a~sei
at S*2?00

4
-o3 ?.07952foo 0.996461 0.94433% 9.44901 U.171)404 2.34160 0.32135

12 6.1410'-03 5.0531"01l0 0.99644l 0.911426 9.56252 9.01900 2.119o0 D.384697
23 1.02211-02 1.01406541 0.94641 0.96151 0.60463S 0.646710 1.46447g 0.442961

*244 1,2891"-U? I.18668"40 0.9Q6681 G.9937 0.0509a 0.617500 1.80700 0.448159
a S 1.4462'-OZ 1.26861#01 O.0.9'6M 0.974451 0.6664FI 0.80320 1.741100 u.52343
ab 1.61991-02 1.40S15*01 0.qq7o1 0.98076 0.7389 0.917140 t.ssa90 0.569000
27 2.09420-02 1.644619011 0094731 0068476 0.77735 0.93430 1.440470 U.%444467
is 2.3'3080-02 1.79'46*41 0I.99751 0.99873 0.41261 0.94780O 1.360440 uo*4497
4 9 2.#s759'.01 k.9598',01 0.90776 0.9q30ol Y.bsolb 0.96110 1.27680 Q.75031
30 I.MV5-02 1.13oI 0.40626 0.9976a 0.984476 Q.97750 1.167S0 0.835844
$I 1.66146'-02 2.1418+#01 Q.469651 0.99939 0.0j393 0.9NO190 1,10340 0.89266
35I 4.05511.02 2,4960"m0 0.99800 1.000s6 0.96201 U.9100%0 1,0#0440 0.93134
53 9.1462*-012 .0111+01 4049940 1.00110 0.9661Y 0.90820 1.i02060 U.q?161m
34 S.14481-02 1.6765'+01 0.49970 1.100685 0.9qbet 0.99970 I.00580 U.993646

0 3s S.51%10-02 2.6933'*01i 1.004000 1.080000 1.90000 1.00000 1.011400 1.00000
36 6.13320-02 a.7079"fo0 1.000'S0 1.00032 1.94M7 1.00070 0.9"460 1.00535
17 6.7064*-0l 207119.0#0 0.99831 t.001463 1.00351 1.0410M 0.995mg 1.00191
36 1.14410*-02 2.7103**01 0.94741 1.00175 1.00341 1.00150 0.Q0060 1.00581
39 ?.%730*-Dl 2.7202',01 0.98725 tl.0I4243 1.00%07 1.00220 0.94430 0.94599
60 S.4*13'-02 2.7244'401 0.9033b 1.00461a 1.90%07 9.00S40 9.994170 0.99178
41 0.94W2-02 2.7093"01 0.069456 1.0104219 1.004491 1.003ko 9.4964U3 0.99449
42 *.5059"-Ol 2,721)4"401 0.46715 1405402 1.00S11 1.00370 009720 0.99)68
63 1101940-01 ROW144+.01 0.90004 1*00643 1.004655 1.00360 0099810 y.90569

INPUT VARIABLES YPU/UOWTTOOPIPW



7304-C-6

73041301 V0131NE~T PRnFILE TA4IULATInti 3.1 P01141t DELTA AT PUltiT 32

I y P721P p /PD To/TOD II/MD U/1JP 1/10 RHO/IRHOL0*UIUD

I U.000010C) 1.00001+fl0 2.00000 0.24702 0.0')00J .01)4 1.414A4 0.00000
2 u.30W0-OS 1.8hfi-+0 1.00000 nl.51'490 0.23aq7 0.32502 1.92214 41,1600b
3 1.400fl"-04 2.7647"+flO 1.00000 0.60117 D.31788 0.44j043 1.07674 U6t09
'4 2.410O0..04 3.613O04+I) 1.00000 0.65611 0.37491 0.5p491 1.91.077 0.26778
5 3.000"0-014 4.1993"+()0 1.Qflooo o.69713 0.409?? V.56?,qS 1.93252 0.29441
6 3.4400o"-04 4.5512"+00 1.0noon 0.7041M 0.42363 0.54241 1.9134b 0.30981)
7 4:?flfl04: 4.6956-+()0 1.00000 0:11121 U.43623 0.40.220 i1o005h O:31600

9 .49000*-Ol 13.02611+00 1.0n000 0.72562 0.01313 O.b2237 1.84400I Q.31020
10 ll.13%00-04 5.2i426"+fl0 1.00000 0.73348 0.146400 0.63442s 1.FMA800 4.339i41
11 1.1S00*-03 5.44615"+00 1.00000 0.75217 0.47461 0.65072 1.6704%2 U.34beid
12 l.V0"0 .7163t01Jg 1.00000 0.10560 11.06744 0.(,h,30 1.87u13 V.35%sq
13 1.6640"-nl j.9wde.".'u 1.0o'l00 0.71'950 1).49918 0.0118B 1.0bubS 0.16610
14 1.66701-03 6.pais3+110 1.00000 0.7ab9q 0.50164 0.IoOZl~b 1.bi4218 v.375594
15 2.17201-03 6.1jb0340(,0 t.04~000 0.74604  0.52040 0.70SS'4 1.82771 0.3849.S
16 2.L4510"-03 6.604,1.00 1.U0000 0.00364 u.52911t 0.71303 1.01b33 u.39278
t? 2.5780"-03 6.7771"+00 1.00000 0.50762 0.53406 0471412 1.8l079b 0.307?0
1a s.525fl"-03 8.7s39"#00 I.00000 0.459?0 0.61211? 0.79011 I.664?0 0.47471
19 7.q12flg-03 1.03191+0l 1.0n000 0.89144 0.66068 0.03475 I.%5o19 0.51S65
20 1,01101".02 1.1967*+0I 1.00000 0.9151~ 0.72182 U2.70159 1.'41466 U.59648
2* 1290raloa 1.3513,0'1 1.000n0 0.9331S 0.76557 0.094025 1.36%SdI 0.65161
U2 2.SS8-02 1.oq22"*Ok I.QAO00 0.9id,7I 0.60936 O,92002A I.aql~s 0.71217
23 1.80470-02 1.6280"+01 1,Moo70 0.9sbsl 0.840)? U.93709 1025292 0.7h479

24 2.0037*-02 Ill"+1140 1.0n000 0.96437 0.88152 0.9516? 1.16SS0 O.416S.A
25 2.30150"-02 t.4b1S,,01 1.00000 0.97000 0.90701 U.96176 1.121126 0.85545
96 2.5484"-02 109415"t')1 1.00000 0.971188 0.92682a 1.9fi9ss 1.419413 Q.68197
27 3.0696"-02 2.05fi7s+Pt 1.00000 0.96372 0.961*1 0.98283 1.114469 0.911061
a8 3.5b44*-02 2.17?76401 1.00000 0.96974 0.96280 0.94091 1.0107l 0.9747o
29 al.00?,-02 1.23934flI 1.00000 0.993a0 0.11960, 0.94591 Q.99"4 11.9980f)
30 4.sma85-02 2.27231+fil 1.00000 0.99642 1.004403 0.90920 0.9696cs 1.009h6
31 5.0965"-02 2.25010+01 k.00000 0.90728 0.99940 0.9921M. 0.901120 i.000su

0 32 5.lW.2 2.57.I .00000 1.00000 1.1)1000 1.0011110 1.I0000 J.U0000
35 6.11130"-02 2.26ib"+01 1.011000 1.00150 1.00ifoo I.00120 O.9116'40 1.00200

INPUT VARIADLLS YPUi'UDt/TOP~PVI



7 304-C-7

7301 4I3V* VOISINE7 PROFlILE TARULATION $.I POINT1S, LUWLA AT PIJINT 50

1 PI2P& P/PO I o/ A 0 M/111) U /Un T/ T0 RHO /RHODo U/UD

I 0.00004".0fl I.0000U*400 1.03125 0.23'46. U.J00000 (.0001)9 1.11570 V.00000
2 o.50001-05 I.4.217"foo 1.03125 0.4eial2 0.I1469. 9.26.160 l.YQISD U.IS17.4
3 6.90007-05 1.73S3*+n0 1.1)1125 O."0449 i.12 0.'2014V l.2!. .IhoP4
&& 1.1'l00"-0'4 l.2I",4 .U312S 0.45150 0.22057 0.29930 I.AUI2,) 0.16764
S L.~4090*0- 2 .2n 'M 00 1 .0AI25 0.'49$04 0.11,730 0. sr'49u 1.90260 U .19236
6 l.9l00*-04 ?.b6llVj~0 I .031?5 0 . 29sq O.,nIl997 0.140310 1 .13920 9.21436
7 Z.16004-04 3.0l5980#nIo 1.031216 0.563620 0.32020 0.441740 5.9slao 0.236511
5 2.6700"-04 3.46847#*041 1.03125 0.59413 0.1'46b2 0.'405'4 1.96119 Q.ass25
9 S.17O0~0*9 1.8snI0,0O 1.031as 0.61'429 0.30795 U.51'400 lq%fjoo 0.07131

10 3.940t)"-04d 9.'149a"#00 1.03125 0.614712 0.39972 0.5509D0 l,9911U 0.24586
It 4.9500o-oq I.M460"*00 1.031as 0.66624 0.41946 O.W090 1.414434 VIJilei6

*12 5.2l00"-09 Q.993o'soo L.03125 0.67276 0.42660 O.1')0b0 1.91070 0.3177b
13 u.2200"-04 s.I6%2"+nQ 1.03123l 0.66060 0.43472 v.ijnn70 1.00940 0.321443
iq 14 .9SW0Q40 5.34'404#40 I.03I?% *.60620 U.4114302 U.bI060 l.0R9960 u.331'48
is 15 .2570'-03 s.q7q'+0Oo 1.931?s 0.710442 0.446696 0.bl"A0 1.671'IO U.3si01
la i.bS90'-)3 6.351f6s'00 1.03121. 0.7329)3 0.48706 0.66399 1.assa0 0.46S70
17 M.Uqb0'-Ds 6.7shl0O 1103125 0079819 V.50391 o.b02"o 1.61510 0.36325
le 1.2020'-03 6.9549"010J 1.01125% 0.711175 U.I90766 0.600511 1.82870 0.36713

*19 2.410000-03 6.q79#o"+?0 1.031?5 9.75731 U.51*62 0.64.!40 1.024100 0.391su
*20 2.0290".03 7,5'j39"+OO 1.031115 0.76J76 0.14 0.64990 I.015511 0.39756

21 2.73900-03 7.26A11+110 1.03125 0.76071 0.5?392 u.704420 1.Plobho 0.40191
22 a.9010"-ol 7.3700'.fl0 1.41312 0.77010 0,52516 WWI)74 10140050 0.440591
AS 3.1620~"03 7.6o4042"#0 1.01125 0.77652 0.S1678 u.717n0 1.711420 0.141449*
94 3.4670*-03 7.794000fl 1.41115 0.76253 9.543q? 0.724430 1.77240 0.142131
as 3.7110*.01 7.97731+110 1.03125 01.78179 0.55070 Y.7309qo 1.71hi0 0.142790
26 d4.077fl"-0) A "I'llflO 1.031213 0.794117 0.5%901 0.739111 1.7'4onol Q.416014
27 '4.33l0".03 %.I;~r0 1,031111 0.74690 0.s6656 0.741460 1.73140 0.911196
28 5.t6aol-03 .7'ifQ 1.031ps 0.02170 0.59b6? 0.77340 1.68010 0.111971
29 6.7690*-0$ ool'*flI 1,03111 0.84167 O.b2107 0.710560 1.64100 0.499fi
30 8.0190'.0 1 l..Y'0I 1,03125 0.60947 Q.b9815 0.111800 1.$uou0 4. SR96 I
11 6.9?90*-O3 1.141"60o(1 1.03115 0.87242 0.66607 u.832410 I.S6100 Q.51496S
32 1.0654".fn2 l.2616",fl1 1.031a5 0.89396 0.70009 u.85790 1.449624 V.119011
33 1.2009-02 l.4361"+45l 1.03125 0.90501 0.12209 0.672ao 1.145900 0.6164q
39 1.2492'-02 1.3875*+flI 1.03125 0.91072 0.71637 0.86060 1.1430111 0.63500

35 1.11116'-02 I.4346'*+D 1.0312's 0.9179S 0.750%3 0..11910 1.940460 0.65SO6
56 1.5024".02 1.110940"(1I 1.03125 0.9itb65 0.76q04 0.40030 1.17110 o.67729
37 I.0l 10 .4m308,60 1.03001 0,93631 0.844045 U.917440 l.S14110 0.71969
its 1.86S34.01 1.711254tol 1.02677 0.947514 0.82621 U.l034D9 1.26i00 0.75691
39 2.0l55".01 1.6?712-el 1.02795 0.95*91 0.846b44 0.939,?0 1.224400 0.7082A
'40 a.25174-02 1.9676b*44 1.0?610 0.9b1115 0.80190 U.q52P0 1.16b10 0.63?05
41 2.'493fl-02 2.08662""l1 1.02965 0.90560 0.9m632 0.06290 1.1?390 v.687744
92 2.8207"-02 P.12e1 1.92248 0.97431 0.91103 U.973i0 1.07070 0.92296
9S1 .1601"'.42 2.3116446401 1.02032 0.911024 0.9%610 0.960)60 1.05190 0.95116
91 1 .4760"-02 2.3899'efll 1.Q1196 0.96163 0.07362 0.90720 1.02810 0.9755?
95 S.71731-0l 2.43110401 1.01SI0 0.96093 0.96214 0.q9970 1.017s0 0.95651
96 5.96II4-02 1,454l6*401 1.01042 0.94132 0.96776 0.99310 1,01900 0.9%272

47 '.10'40*.0 2.117914mM 1,00635 0.99333 0.94203 0.99500 1.00600 0.99733
45 '4.41413'"0 2,5016401 1.00%16 0,99653 0.996S0 0.99769o 1.041160 1.9011.4
99 11.6723"-02 2.5l104#41 1.00227 0.990694 0.99663 0.99919 1.00110 1.00007

D s0 9.86659*-0l 2.4186"401 1.00000 1.00000 1.00000 1.900000 1.00M0 1.00000
111 5.1I948-02 2.%303%401 0.99711 1.00293 1.00235 1.00170 0.99670 1.00011
111 5.311561-02 1.1325"M0 0.994681 140040's 1.00260o 1.00260 0.46960 L9.99763
53 b.o901-02 2.5322"441 0.99177 1.00527 1.0027S 1.00320 1.00090 9.99606

INPUT VARIABLES YU/UDpT/Tt1P/P44



7304.6C-8

73041303 VOISINET PROFILE TABULATION 52 POINTS, DELTA AT PUINI 44

I Y PT?,'P P/PO 7O/roo H/MO LI/UD T/TD Rl10/RHOD*U/UD

I Q.Q000+Q0O I.0000*+00 1.00000 D.22058 0.00000 0.00000 1.11770 0.00000
2 6.1000'-o5 l.142?a*+00 1.00000 0.55614 0.16134 0.21460 1.769430 v.12129
3 1.1400"-04 1.5514"+00 1.00000 0.141077 0.19159 0.24h00 2.8350 0.131404
14 1.9100"-04 ?.15h7*.O0 1.00000 0.148867 0.214,96 0.34680 1.98800 0.1744Mý
5 2.os00o*-O 2.7h3a**nO 1.00000 0.541409 0.29173 0.41780 2.0S110 U~oas~o
6 S.1700*-140 3.64a60+00 1.00000 0.60767 0.314580 0.149780 2.07230 0.14022
? o.iooo'-Oa 0.2679"+00 1.0o0o0 o.booas 0.37913 0.54450o 9.06150 0126413
8 41.9500"-04 0.6.378N,00 1.00000 0.66400 0.39762 0.%6900 9.04700 0,27786
9 S.97000-04 4.8469*+Oo 1.00000 0.674614 0.40763 0.56220 a.03940 0.24541
to il.2o*0,-q 5.14660+00 1.00000 0.66606 0.42255 Q.S9970 2.09300 0.29632
It 9.02001-04 5.39S24+00 1.00000 0.70390 0.43275 0.61580 2.0214qu (.314211
la 1.15601-03 S.59304+00 1.00000 0.71617 0.414015 0.62810 2.021600 0.521026
1s 1.33400-03 S.42,354+00 1.00000 0.72059 0.45162 0.6.3890 2.00130 0.519214
t14 1.6410,-Ol 6.1393*,80 1.00000 0.72949 0.146457 0.651110 1.06850 0.133122
Is 1086901-03 6.40W+0'*0 1.00000 0.73337 0.47551 0.66250 1.94110 0.346130
lb a.1490"-03 6.b4516*#00 1.00000 0.74101 0.148s07 0.67190 1.42070 O0.109
27 &!.3770*-03 6,.15310+00 1.00000 0.74629 0.149321 0.66000o 1.00000 0.311773
to 3.4700"-03 7.19250+00 1.00000 0.77S32 0,52114 0.71110 1,1%6190 0.38191
19 14.blio"-os 4.3649*+00 1.00000 0.7960% 0.54679 0.71910 1.811600 4.40137
20 .5.6000"03 0.11432'+00 1.00000 0.82702 0,51W2 0.76440 1.7654~0 0.163297
21 7.26S0*-03 4.4847'+00 1.00000 0.539014 0.60.263 0.7A970 1.717281 U.459481
la 8.52400-03 1.07122'.0 2.00000 0.85619 0.6.1530 Q.8fl93o 2.6"10 0.166311
23 1.02844-02 1.1667'*l11 1.00000 0.57%02 0.651442 V.83220 I.hl7l0 0.521462t24 1.1735"-02 1.2539',fll 1.00000 0.86911 0.67666 0.60990 1.56740 0.6.12216
25 1.1310"-02 1.3340+*0l 1.00000 0.90263 0.70135 0.86590 2.51010 (0.56064
26 1.S065'-02 1.43700+01 1.00000 0.921460 0.72660 0.682260 2.46700 0.b0147
27 1.63604-02 1.9016*+02 2.00000 0.921423 0.7692 0.80440 2.14libo 0.624014
26 1.8141"l02 1.60040+01 2.00000 0.91435 u.7702S 0.90720 1.3A720 0.65398
19 1.9097".92 1.70751+01 1.00000 0.04203 0.79639 0.92010 1.3340o( 0.b893i
30 2.23- 1 .7715901l 1.00000 0.911665 0.111158 0.92140 1.30060 0.7099i
It a.haoo--np 1.07164+01 2.00000 0.95525 0.81062 0.93790 2d0210o 0.74307
39 a.55400-i12 1.4996116"0 1,00000 0,96292 0.66229 9.00I950 i.0"i25 0.76104
33 a.72951-02 2.06141+01 2.00000 0.96717 0.57716 0.95sbo 2.20000 0.00529
14 9.98663-02 al1505',02 2.00000 0.97107 0.69609 0.96330 1.150s0 0,61729

1% 3.1355-02 2.2390N+01 2.Q0000 0.97557 0.915014 0.9h*30 2.2220 0466163
36 3.07700-02 2.296.'901 2.00000 0,978113 0.92644 14.9736o 2.10320 0.0626U
17 .7646"-02 2.318"6'01 1.00000 0.96160 0,914031 0.97810 1.016240 0.90302

39 4.96*Q 8.4441+01 2.oOOOO 14.98599 0,95799 0.90%410 2.05b9o 0.91097

00 4.14737'-02 2.44751+02 1.00000 0.99025 0,96t552 0.9ps00 2.041710 0,04356

43 S3394-02 2.6404"01l 2.00000 0.098046 0.994532 0.996304 2.00600 004.235

149 6.701406402 2.6240"+42 1.00000 1.00230 0.99a02 0.90900 1.023149 0,49646

It 7.41021-02 2.63,121+01 1.00000 2.901441 0,9q431 1,00110 1.01470 0.90757

12 7.64994-04 U,6U47toYl 1000 .012 0996 .000P01fo 4.63



7304-C-9

73O'.04 1 I VU151iIET PROFILE TARULATION 55 PO1INT~t DFLIA AT POIlNT 44

I yPT?/P p/pfl To/Ton IIIit) M/ID T/In QH(IdNII0I)*I)/UD

I O.0010fl~oo 0.oT .9moTS 0aS706 IJ.U000) 0.()AOI)O 1.20060 (j.QOOOL
2 b.3(1

0
-Oý I.'i27l*.00 0.90107A1 U.40010 0.17786 0.l2flIo I.622L0 0.12922

S 1.4000"-114 P.145-4,00 0.98IQ7D 0.49688 QJ.25975 U.36SAI) 1.98280 0.1111094
4 1.6500"-04 2.7305'3+110 0.')1R76 0.bS292 O.Zfi953 u.11jfl"O 21.')tlO 0.2U014
5 ?.4100"-04 1.4863"4(10 0.914074 0.58514 0.33683 U.J79t~u !.11?820 U.23197
6 i.I?00-O'J 3.9941"Ofu 0.9MV78 O.6$1q 0 .36'5?u 0.51410 !.u2oJu 0.25q9

7 .b$00*-O'6 4.4776-4,00 O .98 0.64075 U.SA49 0.5s?2fl j'.flflb0 0.27090

12 41.dl6O.04- 4. 7'*0l!" 111 0.91%07A 0.7I6551 0.40545 O.b?1)2 1,09100 v.12172
9I 6.689100-Oq S.407%I,00 O.qAO? 0.67S08 0l.14bE11 uJ.taqOI 1.964A70 0.a3279.
Ill I.760'W-fl S.037q%,+ 0.95074 O.7130'I 0.41762 (I.bibe~.o 1.9117M. 0.J3167
11 12.120'-03 5.766' tiA.lu 0.981174 0.739SI 0.44657 0.42I04 1.49I&ao 11.11498
12 .1.6020.-Os S.O9l.J*+flO 0.9M0715 0.7116 6.S45791 0.0flao 1.911460 0.389172
11 1.0i420*-03 6.17S10#00'f 0.91,074 0.?0108 0.4h762 Q.7ohQ 1.94,430 v.32793

15 2..sia00-0 6.65qe0+60 o.qAD715 0.713991 0.4869i 0.07170 1.701sh 0.1442?
to 4.8102.01- 8.02I73t11I 0.915076 0.76315 U.W101 0.7Q'401 l.b9%Jl0 1..3890
17 S.04200-01 6.63'.7"+fIn 0.9807S 0.301,32 0.b4¶i?2 VJ.71,170 I.b266(, (.g1406b
1A 6.1121)"-03 I.rqOh9,o1 0.94074 0.42134 4.5569 0.U379iJ 1.743601 0.518136
19 I2E,~0 1.0217"+Ol1 0.9moln1 0.64,96 O.UaoISI V.741400 l.bSiie 0.456178
do 9.4IIah':02 1.134tu1+11I 0.980715 0.03462 0.71073 tI.971181 l.0.460 o.s7%oJq

21 1111"0 .1019*00~1 0.960715 0.61762 0.6t0316 VJ.1:131,9 .00 0..S157
22 1.797IP-02 I.Pe?7*oftl 0.9807A 0.691.18 0.76b8.7 0.65S61 I.S1ulu 0.5OOma
113. 1.4166"02 1.18110,001 0.90076 0.91`164 0.716(0 0.670RO 1.49230 O.S7S4.?

a? ?..I433"-02 I.7976$tO1 0.9401715 0094220 0.81802 I,.9p1,%l 1.214~0V U.10830
25 2.36I)9*-02 1.471416"401 0.90075 0.911639 0.03666 00Q351f) 1.24410 v.13'd?A
a9 2.60611*-02 P.0246"40I oQ~~ 0.96169905 0.6661IS 0.44620 1.19140 0./140b5
II) .:870? P:i24SI5'tl U.98221 0.96436 0.64it0 U.qkl?Ai) 1.1%550 U.111411

S U, 31.6'42"-0? P.W5,0%,l 0.08421 0. 97 SCe5 0.929C14 0.472u0 1.09250 0. a76sh
*11 S.bS5156-02 2.37pa~toI 0.985aq 0.97510 0.9,1178 0.971111. 1.07399 U.694358

34 io .VSIO'.oa 2.61'j
1

.l"I o.qfh6F& 0,96195 0.S91000 0.9825V I.0001.0 U.02060
s1111M.161111-02 IP.0QI65$f 01.90754 0.963158 0.9b62s V.98510 1.(13660 0.3036?

11b 4.30290-09 2.43W#01so 0.96603 0.06716 0.97ii,13 0.961:16, 1.027PO 0.9s128
17 .ai09- 2.1.7#1.71+4 0.9893 0.915991 9.90333 U.941bo 1.0100O 0.6408
so 16 .96,150..1a 2.605401,0 I qu 0.9961 .9901 9.905946 0.94'I30 I.0aqAl 0.97567
19 5.2036~-0a 2.&~6,sfl1 0.94106 009976 0.901S'. 0.414570 l.00blo 0.47911k
010 11.470~-02 201A1i6*,01 0.0290 0.44114114 0.119016 0.441100 101069 0.96219
'd1 5,663"-O2 2.00116."401 0."93152 0.99642 0.993192 U.9970f 1.f0020 Q.94473
412 5,.4443"-0? P.6367"01l 0).'94490 0.997?2 0.99492 0.94760 1.no0'10 019671d
asg 6.1936P.t 1.6616"011 0.90956 0.99636 1.u0o30 0.94920 o0.98ko 1u.99bad

0 4jl( 7.1644'-02 2.01,b33"4Fi 3.00000 1.911000 1.00000o 1.00000o 1.o0c)00 1.00000

47 7.96u?"-DR1 .. 6610#01,0 0.999110 1.06196 1.00010 1.001104 1.00150 U.99901
06 0.2640-op ? .40,0100~1 0.'JQb?A 1.0611I6 1.506065 1.0(1120) 1.0011HO 0.99blo
109 8.4I621f-02 a .110615q, +M 0.4471% I.00d6o 1.000in l. 045II0 1.101160 01.941111;1
60 6.71W6.0 112 6"15 1.658"0586IMa 1,00256 U.94910 1.011110 1~0000 1.00490
%1 168014"0'.f2 ?..67o0.I1l 0.993%16 3.00319 1.00090 1.0(53(0 I00ang V.94313
52 0.1707*-0l 9.67104,111 0.91,1"1 A.00311 1.0017'1 1.00220 1.00090 0.49454
S) 40.?51"-01 R.0503'0+0 0.44011 1,00'427 1.00311s 1.002110 1,111210 0.992613

54 .0034"-s1t 2.674j'1,01 u.QN?,oS 1.r')016 i.00216 1.00300 1.017Yh~ 0.916971
SS 1.o$0'-Ut 2.6.7610+11 0.982844 1.0066s6 1.00245 1.0031.0 1.00110 U.9e6VSp
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V : g - 107305

lR THETA X 10- 1 -12
TW / TR : 1.0 ZPG - AW

Axially symmetric blow down tunnel. Dunninq time 5 s. D - 1.52 m.

2.8 - PO < 13.8 MN/mr2 . TO : 300 K, Helium. 0,9 < RE/m X 10"6 6 ,

WATSON R.D., HARRIS J.E. and ANDEPS J.B.. 1973. Measurements in a transitional / turbulent Mach 10
boundary layer at high Reynolds numbers. AIAA P 73-166,

And Watson 1.0,. private communications.

I The test boundary layer was formed on a flat plate (L 2.3,W 3 1,016 m) placed at 50 negative incidence
in the workinq section of the Mach 2n wind tunnel described in Watson and Bushnell 0971), The leading edge
(X a 0) was 0.13 mm thick and chamfered so that the under side was at 170 to the free stream flow. It was
positioned 0.127 m below the tunnel centre line, 0.425 m downstream of the end of the nozzle. The test zone
extended from X - 0,74 to X - 2,11 m. End-plates were mounted on the surface 0.305 m to either side of
the centre line, The surface consisted of steel plates 4.76 mm thick finished to 0.8 pm r.m.s, forming
interchangeable instrument sections 153 mm (E) wide along the centre line, The surface was not actively

3 cooled, The transition zone was located from heat transfer measurements. In all cases transition commenced
at about X - 0.61 m and extended over the first three measurinn stations to between X - 1.4 and 2.0 m.
The flow was fully turbulent at the last station (X - 2.11 m) though by no means in equilibrum even for

5 the highest RE/m case, No trip was used. Preliminary oil-flow tests showed that, with the end-plates
fitted, no discernable surface-flow divergence was present over the central 0.15 m wide instrumented strip,

6 Wall static pressure was measured at static tappings of diameter 2,29 mm, The wall temperature was obtained
by thermocouples, Heat transfer rates were found using the transient technique from the rate of change of
wall temperature. Floating element balances (Kistler model 322. serial 121) were installed at each profile

location to measure the wall shear stress. Profile traverses were made with Pitot, static and total
temperature probes. The FPP (h1 • 1 bI a 3.02 1 a 60.8 mum) was formed `'om flattened 1.52 mm tube. The SPP
wis a CPP (a - 42.00 , d w 3.2, l1 N 12,2, 1 - 50,8+ mm) and because of will interference effects could
only be used in the outer part of the layer. Pitot-static values gave an edge Mach number which matched
that calculated using the wall pressure and values from an exterior flow field calculation so that it was
assumed that P a PW r PD. The TTP was an STP with a resistive temperature sensor (hI - 1,6 b, a 4,35
I w 10.2 mm) and was used only at the last (X w 2,11 m) station (see Weinstein 1971), All sets of profile
measurements were made on a coummon normal.

9 The authors have reduced the profile data on the assumption of no normal pressure gradient and with the
linter Crocco total temperature distribution. The static pressure at a profile normal was measured with

the probe well clear of the surface. When this was not posilble, due to instrument failure or the presence
of a skin-friction gauge, the value was determined from the tunnel stagnation pressure and the results of
earlier measurements, The heat transfer measurements showed that the model temperature did not change
significantly during a run, so that the well temperature measured at a single station at the start of the
run was taken to apply tn all stations. The authors found. particularly in the transitional zone, that
probe Interference effects were evidently large, the wall static pressure rising by as much as 80 % as a

10 probe approached the wall. In the absence of a rational correction procedure, no profile corrections
11 were applied, Viscosity values were determined from the power law p . 5.01177 X 10' T 0.647 kg/ms.

12 The editors have presented the profile data replacinq the authors' temperature velocity correlation by the
Crocco - Van Driest relatio6ship. The edge Mach number has been interpolated on the bails of tunnel reservoir
pressure for each station. Adjustments from neighbouring masured points were less than 0.6 % except for
profile 0502 where it woo necessary to extrapolate, the resultinq adjustment being 1,5 %, The edge point
is that selected by the authors, and the edge stagnation pressure (the source paper tabulates tunnel values)
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has been calculated using the authors' D2 and RED2D values, with the authors' viscosity law, We have then
replaced this with the helium viscosity law used throughout the catalogue, The different viscosity value
causes the differences that can be observed between their RED2O values and ours, We have inturpolated the
CF values for each station, also on the basis of tunnel reservoir pressure. The biggest adjustment was

3 % for run 0504.

13 The five sets of four profiles are distinguished by increasing values of unit Reynolds number. Measured
14 TO profiles corresponding to runs at station 4 for series 02-05 are given In section 0. Interpolated

CF values are associated with the profiles. Heat transfer measurements were made, but with the small

temperature differences involved the heat flux values are not very accurate. We have therefore regarded the

flow as adiabatic.

DATA 7305 0101-0504. Pitot profiles. NX w 4. CF from FED. Some additional TO profiles. CQ measured but
not presented (near zero).

15 Editors' cmments

The entry gives a very clear description of the development of a layer through the transition region.
The development Is free of history effects, and transition Is unforced. In this respect It can ýe regarded

as an extension of the date of Fischer at al. - CAT 7103 to higher Mach numbers. The value of the measure-

ments is greatly enhanced by the provision for direct wall shear stress measurements.

Measurements extend within the momentum-deficit peak, and the profile Is described at close intervals.
Values near the well should not be given too great emphasis as no corrections were applied, end it is

far from certaif how they should be.

LA,
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CAT 730b WIATSON BOUNDARY CONDITIONS AND EVALUATED DATA. S1 UlIllS.

RUN MD * TW/TR* RED2W CF HI M12 112K1 PH PD
x* POD PH/P* IIED2D C9 H132 H12K1 TM TD
RZ TOD* 811 * 02 P12 H402 D210 UD TR

730solot 9.5800 1.6000 1.69830+02 1.9900"-04 74.046b 2.3571 2.03'41"V0R 2.0341"+02
7.102v0'-o1 1.1395-406 1.0000 1.4911*tO3 NM 1.7547 1.5983 2.697'J"402 q.91oq.40,
INFINIIE 3.80004*02 0.0000 1.7811'-04 0.00001+00 0.1A80 2.0116"-0 1.73704*03 2.6974'+02

73050102 8.9500 1.0000 2.3371"+02 2.2300'-04 65.1323 2.1673 2.Z917"#02 2.2917"402
9.9600"-0l Q.2035'*05 1.0000 1.97711*+03 NM 1.7296 1.5868 2.b993"+02 1.0825'#01
INFINITE 3.0000"40i! 0.0000 2,4878-O04 0.0000"+00 0.173b 2.7477'-03 1.7334W*+03 2.6993"+02

73050103 9.7000 1.0000 2.41490+02 2.6200"-04 6S.6644 1.5072 2.0083*+02 2.00630+02
1.25000+00 t.1909-+O6 t.0000 2.15621+01 NM 1,6173 1.713e. 2.69760002 9.2653"+00
INFINITE 3.0000'.02 0.0000 2.5031"-046 0.0000*l00 0.1839 2.42390-03 1.7381"#03 2.0~70'+02

73050104 4.2000 1.6000 4.1090'i.02 0.34000-04 64.4725 2.5962 2.5366"+02 2.5366"+02
2.11004+90 1.16940+06 1.0000 3.45304"03 NM 1.8077 1.b02 1.69874#02 1.02644+01
INFINITE 3.0000"+02 0.0000 3.77670-0'4 0.0000*+00 0.1842 2.5749"-0J 1.7351"#Q3 2.a987'o02

73050201 9.7900 1.0000 2.2749"+02 1.4800*-04 86.7190 2.130S 4 .0103N#02 0.0103*ttJ2
7.42000-01 a.4954"+06 1.0000 2.0569*t03 NM 1.b000 1.bl71 2,01S"4102 9.1008N+00
INFINITE 3.0000"+02 0.0000 1.159S'-04 0.0000.*01) 0.16511 2.2174"-U3 1.i3866'.3 2.691S"#02

73050202 9.5100 1.0000 3.12720+02 2.30000-04 66.4619 I.9101 4.0660+.02 4.0664k+02
9.9b00'"0t 2.19860+O6 1.0000 2.7188*t03 NIA 1.8097 1.6608 9.69000401 9.62720#00
INFINITE 3.0000"402 0.0000 1.6t645"-04 0.0000"+00 0.1900 1.sa92"-03 1.73701+03 2.b6o"#v.2

73050201 9.6600 1.0000 1.0568"+02 3.o70al.0O 83.80,1 7.3S94 3.94440+02 3.94080+02
1.25000+00 2.3260N+06 1,0000 2.7?17".03 NM 1.9433 1.q2o3 2.0977"#02 9.3024*,oO
INFINITE 3.0000"+02 0.0000 1.6181"-04l 0.00000+0O 0.2039 6.5300"-04 1.7350"+03 2ob97T',u2

73050?04 9.7400 1.0000 6.62400#o02 3.37004-04 75.7582 4.4223 4.b632'+02 4.5AW+~02
2.11100+00 2.7820'1flb t.0000 5.94791#03 NM 1.6497 1.272? 2,0976"#02 9.1'016'*00
INFINITE 3.00000+02 0.0000 2.9841"-04 0.0000"400 0.1840 l.77o7'-U3 1.73834#03 2.0976*002

73050301 9.8500 1.0000 3.5234",02 1,3500'-00 75.98n5 2,3869 b.6932'+Ok S.b9.3Z'*oI
7.4200"'01 3.64910+06 1.000o 3.2218*+03 NM 1.7948 1.6161 2.6914'i02 0.943P+.00
INFINITE 3.0000'+02 0.0000 l.2499*-04 0.0004)"400 O.Ibqq 1,2SW2-ul 1.7339*+03 1.89074*02

7305U302 9.7300 1.0000 2.7o34*+(02 2. 64 on *.0 72.7464 2.1821 15,0S3"+U2 'S. 41jI ' #02
9.96oom-01 3.20688+06 1.0000 2.42390+03 N4 148010 1.6932 i.8916"+u2 9,9100*#UO
I NFIiiI IE 3.0001)o+02 0.0000 l.0272P.104 0.04000'4.0 0.du11 I.052b1-43 1.?3821+03 2,. 49 760 02

7305050 9.8000 1.0000 4.44000+02 3.7800--04 63,4262 1.5419 5.4a297.U2 b.4297"+02
l.Z500o00+Q 3.3940'404i 1.0000 4.0202'.03 NM 1.9140 1.8531 d.6974"+0i 9.08294400
INFINITE 3.0000*+02 0.0000 1.6681"-04 O.0000m*U0 0.1937 9.21181-04 1.73860+03 2.8970',02

71O0500O 9.8300 1.0000 1,0786"+03 3.04000"-04 b2.47A5 1.442Q 6,J469"+02 b.39o9',02
2.1100'.00 4.05499#06 1.0000 9.80700#03 NM 1.9M2 1.6800D i.6970"411 9.U2914440

*INFINITE 3.00000+02 0.0000 3.4186"-14 0.00000+00 0.2080 1.76b*36 l 1 .7388'*03 2.6414090;'

*73050401 9.9000 1.0000 3.7077"+02 1.2800-.04 77.3118 2.a098 7.01%36'0+0 7.1163A".02
7.42000-01 4.7452"+46 1.0000 3.4234'+D3 Nm 1.78110 1.6105 io9~72*402 0.4363"#U0
INFINIITE 3.0000*402 0.0000 1.0352"O04 0.0000*+0l 0.161.5 1.11" "-03 l.7390'.01 2.09121+0?

73050402 9.6800 1,0000 3.75018*,02 3.0000"-D, 10.3M5 2.042? 7.1593','J2 7.1593~*.01
9.96100"11 4 0.17IV+06 1.00001 1,3412"t03 11M 1.6260 1,7114 1,91"1 2. 1l'0 1*101 " "40
INFINITE 1.0000"#Oa 0.0000 1.OqW2-04 0.0000o+00 0.1940 1.0500"-03 1.730'103 2,b977',02

73050003 10.0200 1.0000 q.4825*+02 3.6001o-0a 07.7094 1.6090 7.0237'.0a 7.ulll',02
1.25001+00 4.69150+06 1.0000 5.1191"+03 liN 1.9145 1.13608 9.9970"402 8.a096*+00
INFI(JIlE 3.0000"+02 0.0000 1.5240*040 0.0000"+00 0.196v 8.1302"-04 1.7398'+0) 4.oql')',02

730500110 10.0200 1.0000 1.30to"+03 2.7100'-04 bi.83'q9 1.5704 b.o237".o? 8.o237',02
2.11000+00 S.5870*#06 1.0000 1,214*+04I NjM 1.9m5 1.8159,1 2.0970'0+0 0.b9Y8"+U0
INFINIITE 5.0000"402 0.0000 3.1656"-04 0.O000O'o 0.2078 1.19011*-03 1.?398*4o3 i.to970"+U2

73050501 10.1600 1.0000 'l1,6204"+02 1.2200'-04 77.t,141 ".0302 S.A036"#02 b,3036"+U2
7.0200*-0l 6.1859*f06 1.0000 4.39911N+03 Nil 1.8063 1.6san i.6Q68'0I0 8.4b804m00
INFINITE 3.0000.002 0.0000 t.0570"-04 0.0000'i00 0.18110 1.1190'-01 l.l40oS+V3 2.0668402

7305IoSo2 9.84000 1.0000 S.2680+w02 3.04o'00-0 IS.6bbg 3,W48~ B.S308'0+2 b.b34AI*02
0.96000-01 5.00355406 1.0000 4.01140+03 NIA 1.81fl2 1.7034 i.69711"#4i 9.ulI14+UO
INFINITE 3.0000~*+02 0.0000 1.?529"-00 0.0000+.00 0.1958 8.6721*-V4 ldlaA*0'10 ie.9111'02

73050503 10.3100 1.0000 6.77621+02 3.2000'-04 69.02?1 165C006 B.36?5'402 b.3hl111'eo
1.aso0'40 6.6939"+Ib 1.0000u 6.51369".OS lim I.92s 1.6854 2.bqb6'$02 d.2305"1uO
INFINJIri 1.0000"0C2 0.0000 I,11940'-04 0.0flon"+00 4.2133 O.0B944-04 1.7412"403 .e'.2

730505004 10.3100 1.0000 1.%502"+03 a.4vono.o0 70.2060 1.50l1 9.4675',Ol 9.44O'ou2)
2.11o0*,00 7.SS76'*+0 1.0000 I.S070'040 NM 1.9045 1.8180l 2.o961."*02 l1.230S*4.00
INrF4INIT 3.0000*+Oa 0.0000 3.026()"-04 0.0000'.o0 0.1999 1.94342'-U3 1?"3 4,00~9h"+02

PDPOU0 CAL.CULMTD WITH1 AUTHOR'S MUF.-L.AW FROII REI)2,DELTA2 (Autilow) - RAPEZoIDAL PULL fOR RUli 0203
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73050191 'dATill PR4OFIL.E TABULATION 3n POINITS, DF.LIA AT POINT 3S

I P 1?./0 f,/Pfl Tu/ '0D 1/1,16 U/UO T/Tln RHalp/hovu~uo

1 0.0000*fo0 I.oou"+ou.0 fil 0*8R673 U.00000 0.000',0 20.()2710 0).00000
2 1.022U"-03 1.04411"+(0o 14'~ 0.E6651 0.0236lb 0.02536 27.60d3b U.u045'j
3 1.7870*-03 1.19!10#40 Nqm 0.8nM02 0.04951 0.25391 26.285ý96 J.vo9bb
4 .1.1327"-OS 1,9547"fl0 fit 0.911M1 0.10024 0.47062 22.0il094 u.02135
5 4.11S551-03 ?.I555~t0 rim 0.,41505 0.108'J2 U.50003 21.2696Qi 0.02351
6 5.0310*-01 2.8062'+00O NM 0.92360 0.13010 0.57063 19.22747N U.U2961
1 6.4005"-03 4.0q918"+00 (4f 0.9$905 0.17239 ).4,7965 35.54P.67 0.04373
8 7.R342"-03 5.6326'+d00 101 0.94644 0.19560 0.70607 13.77914 U.05269
9 7.91311-03 0.2055*1.00 NI" 0.95616 0.23964 0.794115 10.90191 0.07231

10 0.7579'-03 1.0305"+01 Nit 0.96469 0.27024~ 0.82965 9.'42J86 u.98604
It 9.44641-03 t,1338"+n1 lIP' 0.97471 0.33M2 0.88131 7.03093 0.12528
ta 1.0100-'02 2.l5I"+Ito lip 0.961913 0.39196 0.9166S 5.31)763 0.1727A
13 1.0930"-0a 2.7702"+',. NPr 0.94607 0.415035 0.93649 4.32409 0.21657
141 1.1450"-02 1,47R7F.II1 Nit 0.98927 0.S6425 IJ.9~1S46 .1.56034 u.267246
15 I.2005"-02 4.2170+t01 Nm 0.99461 0.SS634 0.9.5243 2199262 0.121b0
16 1.17.Z 5.270+0~.1 N" 0.99391 0.62120 U.97276 2.4S221 0.39669
47 1.2%45"-02 5.8893,1+n lip 0.99495 0.01841 o.97747 2.20399 0.164350
16 1.3053'-fl2 6.5619'#01 U4M 0.99586 0.04634 0.981,17 1.98704 U.49399
19 1.IW47-02 7.I7091ta1 lim 0.996st 0.72102 0.98446 1.83157 0.53691
20 1.3532-02 *.0063"Ita1 NP'. 0.99727 0.76856 0.987Gb 1.65211 U.S4794
21 1.4066*-02 .006oP31#01 tiM 0.99786 0.800587 0.990%1 1.51107a 0.65565
32 L.4670"-02 9.493514,01 NM 0.99830 0.83718 0.9q247 1.40541 0.70618
as I.5243*-02 1.000181+02 tip 0.99863 0.86308 0.9939S I.31624 03.74945
24 1.b95*-02 1.0636"toa Tim 0.94894 0.86634 0.9q51? 4.26u63 0.78942
t5 1.4665*-02 1.1lSW#02 tip 0.99916 0.90901 0.9962? 1.20122 0.63934
26 1.69921-02 I.4187"ita tiM 0.99932 0.92526 0.99702 1.16111 0.05867
a? 1.1668"-02 1.1119164,011 NM 0.94940 0.94134 0.99772 1.12337 0DAMS1
26 1.8745'-02 t.2347*#02 11M 0.99961 0.911525 0.911829 1.094126 0.91406
29 1.0051"-02 1.26610.02 U4M 0.99972 0.90736 0.99t78 1.06661 0.93693
30 9.125111-0a 1.1026"+02 tiN 0.99964 0.96121 0.99931 1.03717 0.96350
31 2.2089*-02 1.3265*'402 HM 0.99993 0.99100 0.419961 1.017%9 0.9Q239
352 4.31051"-02 1.3SS'+"02 14M 0.99998 0.99743 0.99991 1.00490 0.9949%

0 33 2.415961..02 1.3s27~*+2 NfA 1.00000 1.00000 1.006100 1.90000O 1.00000

INPUT VARIABLE8 Y/OELT,40/1"D ASSUME PMPO AND VAN DRIEST

*73050409 WASOIJ PRlOFILE TABULATION 41I POINTS# DELTA AT PWINY 41

I y PY21P P/PD 110/700 /MAD UlUn 710D 1lO/RNOu*u/uD

2 2:#157"-03 1.8967*+Oo NM 0.92132 U.10453 0.46473 19.76409 0.02351

3 4.t4i3"-o3 2.1317,400 NM 0.92480 0.11507 0.50070 18.9)160 0.02645
4 5.l901*-03 2.1816"+4i0 14M 0.92553 0.11727 0.50793 18.76850 0.02708
5 *.0004*-03 3.0873'+00 UMl 0.9155? 0.14790 0.59632 16.36S13 0.03656
6 W.7'6-03 3.8136*i00 4M 0.94177 0.16794 0.64793 14.68857 0.04.453
7 6.1920-03 3.119640+0 NM 0.95300 0.20867 0.72914 112.20925 0.05972
& 9.3961*-03 7.0244"+00 NM 0.91939 0.25606 0.77160 10.48389 0.07a22
9 1.0479"-02 8.961a8.00 tiM 0.96589 0.24884 0.01210 9.43362 0.06896
10 1.13541-02 1.0595".01 NM 0.96996 0.29293 0.83703 8.16506 0.10261
1t I.4721*-02 1.24631+01 11M 0.97382 0.31945 0.85973 7.24305 0.11670
12 1.20)241-02 1i.0459111 N!" 0.97714 0.34601 0.0878? 0.45952 0.13623
11 1.2326"-02 1.6618"+O4 NM' 0.97961 0.31066 0.09375 S.61446 0.41172
14 1.3484"-02 2.647S*101 NMp 0.98718 0.47030 u.93605 3.96171 0.23628
IS l.2692*.02 1.869q*+01 lip 0.98200 0.39380 0i.90691 5.211101 0.171ta
16 11.29111".02 2.0145"tol NM 0.96396 0.417)4 0.91663 9.62403 0.19001
0 7 1.3141'-02 2.37017+Ql NM' 0.9651S 0.44458 0.92735ý 4.35099 0.aI314
I6 1.4057*.02 %k.08o2"+tI rim 0.98962 0.110109 0.941647 3.47544 0.27243
19 1.4276*-I'7 3.42Sl"+Ot NM 0.99092 0.53595 0.95366 3.16%48 0.3012
20 1.4493'-02 3.8044*4,)1 tim 0.9921ll 0.56S52 0.94964 a.88348 u.332866
421 1.4944"-02 4.2709*+01 NM 0.99330 0.59929 0.96603 2.59838 0.37176
32 1.5211.-al 4.80521+01 NM 0.99441 0.63605 0.97173 a.33404 0.41631
113 1.5I451-03 S,30¶41.0% N14 0.99526 0.66861 u.97600 a.13116 0.411000
24 I.S577"-02 S.7009"fa1 1M 0.99583 0.09331 0.97904 1.99398 4.49098

25 1.6151S-011 6.0477,+01 N4 0.9"'20 0.7142S 0.98126 1.58"71 0.11968
26 1.6363*"01 6.70204*01 NM 0.99700 0.711217 0.98495 1.71474 0.57440
il7 1.*720".2 1.~7010"M NM o~q97S3 0.78365 0.9876.1 1.560341 0.62180
a6 1.70841-01 7.6so9o1.0l Nim 0.99765 0.60399 0.96921 1.51363 0.b1345

139 1.7651'.02 11.1064"+01 NM 0.991-.8 0.82740 0.49909 1.41421 0.09089
30 1.611191-02 6.4294ot01 "M 0.9i140 .0.4413 0.99a01 1.364011 0.11630
34 1.8454"-02 4.0770"M0 NdM 0.99868 0.86640 0.99340 1.31466 0.75664
la 1.69611-02 9.1552*t01 NIM 0.99084 0.677900 0.99430 1.27667 0.77875
33 1.9339*-Qt 9.4664"t0I NM 0.99904 0.89480 0,99504 1.23660 0.80466
34 1.96919-01 9.7441*401 NM 0.99915 0.40769 V.OWS7 1.20091 0.83779
35 8.0039*-02 t.0213*4003 NM 0.99937 0.929%6 9.49666 4.110041 0.066631

36 .I502w.02 1.65766*02 NP' 0.9995S3 0.94611 0.910766 1.11149 0.69727

39 .554q"-03 1.14221+02 NM 0.99966 0.48337 0.94931 4.03269 0.96749
40 1.6631*-02 I.t6s1'402 NM 0.90994 0.9931S 0.99912 1.01326 0.98666a

c 41 1.794@01-0 I.48tawtc2 NM 1.00v00 1.00000 1.00000 1.00000 1.00000

INPUT VARIAILCI Y/DILTA#M1?AD AISUNE P*PD AND VAN DRIEST



7305-C-2

1305010s 11AYOO1 P9orILE 1AMAULATIMN 26 POINTS, IJELTA hy PUJNT 26

I vPy?/P P/PD TO/TOr) H/fir WUD T/Tfl RHO/MHO0j.../UD

I U.00001+00 I.0000"400 NP 0.89078 0.00000 0.040000 291.101by U.000004
2 1.34%5")-0'1 2,1515'+00 NIA 0.92Q27 0.10693 0.50182 ?2.024113 0.02278
3 9.214')2"-09 2.?058"+00 N~M 0.92500 0.10895 0.511895 21.822413 0.02S32

21.2756'-03 3.WI310oo f~, 0.93508 0 .1A372.8 M.9881 19.1)2530 o.03147
5 3.'4293*-03 JimI~40 h 0.93585 0.13954 0.4,052f) 18.60906 U.03218
6 5.2241"-03 4.95418"#00 NM1 0.9)4018 0.18003 0.102S8 15.23006 U.044615
1 1.874A*-03 8,10Q80"+00 4444 0.96SS2 0.23976 0.7q977 11.12681 U.07188
8 9.?017"-03 1.2098"M0 NM 0.972a66 0.a914o Q.8S433 8.5;049 0.0995
9 1.14137"-02 1.6016"+flI NNl 0.9806? 0.35646 0.099416 b.16610 o.M26a

10 1.294"-02 2.3179'+4)I NM 0.98495 9.40552 0.9?269 5.17715 0.17822
it 1.3sI8*-02 P.89111+011 NH 0.98B27 0.45400 0.93974 9.a84460 U.21933
12 1.4'478'-02 3.44q7"40l1 rim V.90037 0.49633 0.95125 3.673lq 0.25891
13 4.11~0 .30W+~01 W4 0.9q276 O.'355'JI 0.96358 3.00917 0.32014
24 2.592Il-U2 5.0870.f0I 10A 0.99429 0.60349 0.97136 2.586443 0.3755~b

1 5 1.6364'-02 6.1271,01 rim 0.99576 0.66337 0.9788ý 2.171122 0~41968
1o 1.7n06V-O2 6.94sa8'4fl rim 0.99663 0.70660 0.9834b0 1.93013 U.50762
17 I.7750"-02 7.66231+01 NM1 0.99724 0.7N236 0.98629 1.76506 0.55679
18 1.64715"-02 0.6636"t01 rim 0.99794 V.789b7 0.98979 1.57104 0.63002
19 1.9192'.02 9.MO*O7l0 NM 0.99837 0.82274 0.9919a4 1.415309 0,.0242
20 2.UOW3-02 1.0362*+00 NM 0.90863 0.66397 0.99421 1.32u22 u.75079
21 2.1364"-02 t.11660+0i! Nm 0.9992S 0.90540 0.99627 1.20945 U.82373
22 2.245(1"-02 t.19654t02 NMI 0.99905 0.92864 0.99727 1.15326 0,86474
23 9.3964".02 1.2666"#02 NM 0.99967 0).9~5ss 0.99637 1.0925b 0.9146J
.249 .56W5-02 1.32066402 10

4  
0*9998 0.97502 0.99919 1.04817 0.95S04

25S 4.7616*-O*l 1.3SA7".02 NM 0.99993 0.98982 0.99465 1.01999 0.98010
D 26 2.9qb3"-02 1.38h,7"402 rim 1.00000 1.00000 1.00000 1.00(100 1.00000

11NPUT VARIALILLS V/DELTA#MIM&) A*'SU4I PsP0 AND VAN DRIEST

13050104 WAISON PROFILE TABULATION 52 POINTS, DELTA AT PUINT 52

1 I P02P'P P/PC To/TOD H/14O UMU 7/10 RHO/RHOt)*U/UO

I u.0000*+00 1.0000"+00 NM 0.911030 0.00000 0.000010 26.31334 0,00000
2 S.8710"-03 I,32'e9-i'20 NM 0.91203 0.07104 0.343111 23.33463 U.01411
3 5.113S1-03 6.06112"400 1N1 0.955417 0.22208 0.74393 12.30430 0.0604b
4 I.ISIASN-03 A.81f3'1'0 NM 0.464196 0.25600 0.80533 9.896e3 u.08138
S 8.5717"-03 I.l5AI'iflI flk 0.97a10 0.29912 0.84918 6.0514si 0.10536
6 4.5091'-03 t.3280+0C1 N14 0.475?24 0.M211 0.86648 7.28636 0.11699
7 1.124'22.02 t.88a27*+OI NM 0.97889 0.35165 u.86759 6.37202 0.13932

6 .2820"-02 1.63741+441 NH 0.98169 0.31967 0.9n327 5.660141 U.15958
9 *14962"-02 2.15944"M tiM 0.98421 0.40991 U.917411 5.00850 0.18317

10 1.5038*-02 P.26200tOl NM 0.90514 U.42227 0.92a48 4.77257 Q.2q330
I .8902 2.47431+01 HM 0.98691 0.94203 0.92985 4.425412 0.21011

12 1.7072"-02 2.14132"+O1 NM 0.98832 0.97156 0.91961 3.96S20 U.23696
13 1.8172*-02 3.02512*+0 NM 0.98927 0.98959 0.44468 3.72305 U.253741
14 1.95851-02 3.5334,401 NM 0.991ts 0.52970 0.95457 3.20758 0.29391
is 4.0241".02 I.&P29.Ot NM 0.q9923 0.5517S 0.9S922 3.02249 u.31737
26 2.04951-02 1.R303'4+01 NM 0.99204 0.55178 0.95923 3.01221 0.31740
17 d.068"8-fle 3.11300"011I um 0.912014 0.55180 0.91SO23 3.02190 V.31743
le 1.13941-02 4.04P60+01 NM 0.99260 0.56704 0.96217 2.87918 0.3$416
19 2,1817'-12 .101P10+01 11M 0.99302 0,57594 0.9643a 2.77937 0,14758
20 c.3161*.02 4.%9170+01 NM 0.99384 0.604186 0.96861 2.56936 0.37772
211 41.4201"-02 4.9750"+01 NM 0.99455 0,62971 0.97228 a.38400 0.40764
22 2.5506"-02 S.3562't011 NM 0.99$t7 0.653S9 0.975445 2.22740 0.43794
a3 2.b53y"-02 S.66494*+O NM 0.99587 0.66415 0.97908 2.04802 0.47806
29 2.7031*-0? 6.24I%3*t01 NM 0.99613 0.70619 0.9819 1.931944 0.50813
25 2l.72301-041 6.24560+01 rim 0.99633 0.7020 0S81413s 1.93136 0.5081b
26 2I.7469'-O2 6.1140+401 NMA 0.99618 0.69895 0.08066 1.96861 0.99816
27 2.7664"~.02 6.33060#01 NM 0.99643 0.71103 0.94192M 1.90712 0.514187
28 2.7798'-01 6.6692*01 NM 0.99478 0.7299a 0.98374 1.82639 0.s9159
29 2.802s"-02 6.7963**OI NM 0.99691 0.73690 0.98436 1018450 0.55163
30 d.6252*-02 6.6a?9401O 14M 0.99674 0.72762 0.98353 1.82711 0.53830
31S 2.6516*-02 6.7122~**0 NM 0.99653 0.73229 0.4839b 1.80491 0.54999
32 2.9748M-02 7.11S96+01 NM 0.99722 0.75520 0.98598 1.709660 0.576413
33 1.1370*-02 7.6664'#01 NM 0.99768 0.78396 0.98529 1.58920 0.621688
34 5.24970-02 t..194170401 M4 0.9080S 0.80962 U.9901#. 1.411571 0.6699
31 3.34460-02 8.66064+01 Nm 0.99935 0.85293 0.99168 1.4119a1 0.69879
36 5.4079".0? 6.74984+01 NM 0.946410 0.816541 0.99195 1.40646 0.70548
37 3.44SOP.02 15,91%,10+01 NM 0.99810 0.84465 0.9944S 1.38058 0.71887
38 3.0673*.0 9.12720*01 NM 0.q9962 0.65468 0.99306 1.350041 0.73558
39 I.S1070-0? 9.4665*#01 NM 0.99660 0.67049 0.99398 1.30341 0.76235
40 3.4630-.01 9.6055'*01 NP' 0.99697 0.84602 0.9q489 1.26071 0.78910
01 1.84004-011 1.0314'0+0 NM 0.90911 06410786 0.910602 1.20119 0.82929
Ma2 3.9449p.01 1.07374+02 NM 0.99959 0.98734 0.99692 I.LSS70 u.86261
43 4.0174'.02 1.1014**02 NM 0.49950 0.104013 0.497SI 1.12561 0.66609
442 4.05a61-01 1.1204440a 1dM 0.999q7 0.1#473t 0.99764 1.109440 0.69949
45 41.16464-02 1.14259",02a NM 0.99966 0.95621 0.99831 1.00566 0.919s52
46 9.1963*'0l 1.1196*402 NM 0.99976 0.97223 0.99890 1.05562 0.941627
47 41.571%0-02 1.l0524012 NH 0694997 0s98269 4099933 1.034123 0.96653

*46 4.63?$*-01 1.23(160402 NtA 0.999445 0.99304 0.419973 1.013S3 0.9B639
49 4.6602*-02 1023060+02 NM 0.99995 0099.505 0.99973 1.0210 0.90642
SO 4.7664'-01 t.23*2**0i! tM 0.9999? 0.996S2 0.91967 1.00614 0.99316
SI 4.&S9G*-0l .lJ47G6'4!~ NM 1.00000 0.99996 2.00000 1.00007 0.99993

D 52 5.0771*-02 12.47?9"402 NM 1.000020 1600000 1.00000 1.00000 1.00090

INPUT VA141AOLE Y/DELTA,24/MD ASSUME 6.8P AND VAN DRIEST



7305-C-3

73050101 WAT3ON PROFILE TABULATION 37 POINTS, DELTA AT POINT 37

I y PT?/P P/PD TO/TOO 14/m2n U/UO T/TO RHO/RMOIJ*u/UO

1 0.0090+0'0 1.000014f0 rim 0.69792 0.00000 0.00000 31.84936 u.00000
a 5.2417*-09 1.10?8*+00 rim 0.90155 0.03405 0.186b9 30.71239 u.00614
3 I.L*774".-'3 2.O1155*00 rim 0.92159 U.09b97 0.44158 24.66408 u.029S3
'I &.9676*-O3 2.9I67*+00 NM 0.113246 0.12579 0.581b4? ?1.36470 0.02720
5 3.023S5-03 4.7102*.0O NO 0.94b62 0.16697 0.641070 17.11133 0.04036
6 3.7590"-03 6.4942"+00 rim 0.95592 0.t9933 0.711362 14.30230 0.05271
7 4.21991-03 8.8964"+08 NM 0.946446 U.23568 0.80751 11.71934 U.06690

10 .5690"-03 1.900l"+01 N 0.98121 0.34977 0.90331 6.66990 0.13S43
11 S.79671-0S 2.50430#01 rim 0.98579 0.40272 0.92752 5.304132 0.17486

*12 5.9654'-03 2.93aaq*o1 NM 0,96796 0.43637 0.93930 4.63248 0.20274
13 6.2776*-0S 3.dl6122"+O NM 0.99004 0.47466 *0.9497 4.00545 u.23717

*14 6.44430-03 4.04021+01 NO 0.9917s 0.51331 0.95876 3.48866 0.07462
15I 6.7115*.03 4.60664+01 nm 0.99305 0.59849 0.9653b 3.09769 9.31164

* 1 6.I860o-0 5.04721+01 rim 0.99387 0.57437 0.96952 2.6443? u.34027
11 7.1473*-03 5.7143"*01 NPM 0.99469 0.6114b Q.974o7 a.S40#3 0.38360
18 7.2502'031 6.619" +()1 Nim 0.491197 0.611848 0.9A000 2,2153% 0.44241
19 7'.54b9'-03 7.sb3s"+0I Nm 0.99684 0.70416 0.9A439 1.9"433 0.50374
20 7.7S381-03 S.3436.0+0 NM. 0.99741 0.73478 0.99795 1.76041 0.55435
at2 7.911940-03 4.14680+.81 tip 0.99791 0.77464 0.98970 1.631411 0.60663
22 6.2605"-03 2.O005"t02 14P 0.99835 0.01044 0.99169 1.49790 (4.66210
i3 6.3749*-03 1.06710+112 NiM 0.99665 0.853711 0.99335 1.40012 0.7054b
24 d.7343*.03 1.11260+02 mM 0.195891 0.06252 0.99W6 1.32980 0.14796
25 9.1970".03 I.)8S0~*02 rim 0.99904 0.08159 0.94%52 1.avsto u.76070
26. 9.5s96"-03 1.2385"0+0 NO 0.90997 0.90209 0.99642 10?2009 0.616615
27 1.0370*-02 1.2764*e02 tim 0.99934? 0.91586 0.99609 1.18501 0.41"134
26 1.1081*-0? ).3169*+02 tip 0.99950 0.93031 0.99?57 1.149141 4.66760
21) I.J.9 1,-02 1.3436'11)2 tip 0.999s6 0.919721 0.94979 1.12772 0.6AQ90
30 1.26S11-02 1.37a0otfl2 NM 0.99966 0.95033 0.90832 1.O10354 0.904115
It1I.3163"-02 t.4031"+02 tiM 0.99973 0.96036 4.99668l 1.08139 0.92351
32 1.4099"-02 1.41159"+02 rJm 0.99976 0.96477 0.99863 1.1)7147 0.93186
53 1.5156"-02 1.4426"+~02 No 0.99963 0.97385 0.99915 1.Psaha 0.94920
34 I.S9820-02 l.459a*+02 tiM 0.90998 0.9794S 0.9q933 1.114101 0.9s997
35 1,694t"-02 1.46960#02 f~l~ 0.999110 0.98293 U~q9945 1.03390 0.96665
36 1.7743"-02 1.4867"+02 tlif 0.909993 0.981932 0.90966 1.1)21(12 0.97908

0 37 2.0239*-02 I.S209Pt02 tIM 1.004000 1.00000 1.00004 1.O00j0O 1.00040

INPUT VADIABLES YIOELTA,14/1D ASSUMIE P.40 AND VAN URIEST

73050S02 VIATSONi PROFILE TABULATION 33 POINT11P OWLA AT POINT 33

I y PT?,'P PiPD To/Too N4/MD U/UD I/TO RHO/1#lgCt*U/lUb

1 0.00001+00 1.00f00000 NM 0.89531 0.00000 0.00000 29.50610 0.00000
2 l.2051'-03 1.08W+"00 tip 0.59830 0.03138 u.16696 28.96371 4.04583
3 l.S1669""O3 1.51687'400 fil 0.91,13 0.078)9 4.3936,1111,33111 0.01154
4 .1127'-03 7.004b*000 NM 0.9S736 0.21577 U.76489 12.73164 0.06047
5 .4G669'.1 1.O769*+0l NM 0.96016 U.26925 U.53046 9,65128 0.08667

6 4 .79700-03 I.5t3650#nl1 fop 0.97627 0.32052 4.87942 7.526)6 0.11662
7 S.7'*70*-03 P.14%l'+0I 14M 0.98301 0.36425 Q.91S28 5.417391 0.16131
a 6.1337"-03 2.40P74+61 UpM 0.98796 0.44647 0.93881 4.4)745 0.21211
9 6.5139~0-0 3.581434t01 Ilk, 0.99037 0.49078 0.91290 3.64979 v.2bI08
10 7.016?*.03 4.3701~*01 NPI 0.99254 0.S5145 01.96369 3.051346 0.31s55
11 1.1960'-01 5.0585"tol NO 0.99392 0.59372 0.97oS4 2.67221 0.3b320
12 7.83330-03 S.67300+01 NO 0.994410 0.62905 0.97533 2.40396 0.40571
13 7.9074. 01 6.10790+01 NM 0.99ss0 0.05398 0.97828 2.23771 0.43718
14 8.288@*-Ol 6.461174+01 NM 0.99632 0.690250 0.96428 2.01201 0.46821
IS b.bbS2"-OS 7.11414*0l1 Nt.' 0.94966 0.72123 0.98448 1.8647'. 0.52616
16 9.0600*-03 6.27450+01 rim 0.997131 0.76068 0.1181141 L.0684 U.50597
17 9.3322"-01 S.7466'+GI NAA 0.99782 0.78226 0.98912 1.60050 0.b263
to 9.60717-05 V.PSW6"01 Nkl 0.99612 0.80950 0.99098 1.52733 0.61311
19 9.94240-03 9.7300*0+0 NM 0.99638 0.82518 0.94223 1.44587 0.60625
20 I.0lSI"-OZ l.0a2*#'02 NO 0.99862 0.60457 0.99340 1.37923 0.72015
11 1.0359*-01 1.0677.0f NW 0.99803 0.866417 0.99436 1.31164 0.75170
22 1.0089*-0? 1.1160"#02 NO 0.99903 0.86461 0.90538 1.2054' 0.78653
23 1.1287"-02 1.1546,+42 NM 0099919 0.90076 0.901112 1.212240 0.81456
29 l.101s"-Op 1.1091'402 NM 0.94935 0.91834 u.99690 1.178410 0.64058
25 1.2724'-02 1.2495'*02 NM 0.99910 u.931356 0.99762 1.13706 0.8773b
26 1.3169*-Ci 1.27401402 NM 0.9419918 0.94473 0.99799 2.12593 0.89431
27 1.172b"'.02 1.30350+02 NO 0.941967 0.95563 U.99541 1.09153 v.91469
28 i.4SSI'-0l 1.31411+02 NO 0.94976 0.96664 Q.'996113 1.06,727 0093618
29 1.5997*-Qa 1.36220402 NM 0.99963 0,91701 0.994420 1.04%44 0.91132
30 1.646SO-04 1.38060402 riM 0.90996 0.98356 0.99944 1.03i49 0.96796
it 1.7456".01 1,39?770l0 NM 0.99943 0.98966 0.99965 1.0811.16 0.q9798
31 1.OS111-01 1.41640681 NM 6.90998 0.99703 0.949990 1.80576 0.99417

I) 33 1.9460".02 t.4249$82 NM 1.00000 1.00000 1.00000 1.00060 1.00000

INPUT VARIABLES Y/OELIA*M/f4U ASSUME P.40 AND VAN DRIEST



7305-C-4

*7305T0S3 .67806 K[nFlFLf TABULATION 30 POINI1~, IJELTA AT PUINT .10

I PT?'/P P/ri) TO/TOD I 1/lfl U/01) 1 /I r) Rlifl/RHOU*U/UD

I o.0000*.0O 1009 PH 0.089t8 0.00000 0.00000u 32,4102b u.O0000
2 1.2660"-03 M.71400'00 rim 0.96055 0.22945 0.80253 12.18056 0.06589

*3 I.6289"-03 q.7912.+(10 14M 0.96378 0.24,14? 0.62049 11.26460 0.07284
'I 4.2'590"-03 1.10I'P,4Ol rim n.97101 0.Mb36 0.659A3 9.14621 0.093so
5 2.7719"-ns I.S049*+01 rim 0.974148 0.30574 0.87712 8.21,122 0.10655

6 3.56,46*:03 1.9109"+Oi rim 0.97947 0.34S68 0.902b4 6.81449 0.13238

8 .72v".03 3.9471*+01 jjb 0.98720 0.43849 0.94088 4.1,0411 4.20436
98 b6:79611-03 3.5960Ol+0 NM 0.98949 0.47703 0.9S142 3.97/l1 0.23917

*10 1.6'456*-03 'J.t3hb*+OI rim 0.991114 Q.51191 Q.9q9?0 3.5)161 0.27320
It B.1590-03 4.80771+01 I$1A 0.99272 0.55230 0.9bbbo 3.06304 0i,315%7
12 b.60370-01 S.44100+01 N rimho 0.b8797 0.97202 2.71046 0.3%%66
13 9.0403*-03 6.05112"i01 rim 0.9947'0 0.62037 0.97b22 P.04762,4 0.391423
14 9.'J9081-U3 6.7014",01 tipi 0.99b55 0.6%2q2 0.979Ab 2.25221 0.43507
15 9.9245*-O3 7.1686"#61 NiM 0.49607 4).67544 0.98210 2.11416 4.46454
16 1.052t"-02 7.63155'+41 NM 0.99650 0.64723 0.904408 1.99*20 0.49394
I? 2.09440-02 S.8.l66,+O NY 0.911695 0.72209 0.90613 1.86504 0.52675
to I.1465*-02 8.68981+01 ri

m  
0.99131 0.7111407 0.98719 1.76238 0.56049

19 l.M175-02 V.lota"+0I NM 0.49770 0.76991 0.969s7 1.05141 0.59904
*20 1.2230*-02 9.9803*+0I NM 0.19808 0.79783 0.49131 1.S4380 U.6o212

21 ii .2462*.-02 1.08W4,4f2 fly 0.99849 0.83065 0.q9.115 1.142683 0.69500
*22 1.3232"-02 1.1507'+02 NM 0.99877 0.85b76 0.99446 1.34728 0.738602

21 l.3S62*-02 1.1996'*f02 NM 0.99846 0.87494 0.905s1 1.20408 0.7691*
24 1.4066".02 1.R@806,02 N11 0.999*7 0.9068* 0.99608 1.201100 0.82507
AS 1.49300-02 1.34720#02 NY' 0.99945 0.92731 0.94750 1.15711 0.86206
26 1.6029"-02 1.11202*4f2 1410 0.9496% 0.95*19 0.99842 1.04946 0.9061')
07 1.7137"-02 1.14824*+02 N'16 0.94981 0.97208 0.94913 1.05469 0.9473,!
28 1.77al'.02 1.513S"+02 NM 0.99988 0.99306 0.9994b 1.0)3366 0.9bb9a
29 1.0731*-02 1.S4211o02 NO. 0.999914 0499233 0.99976 1.01$03 0.98490

30 so 10.411".02 I.S6601+02 tiM 2.09(400 1.00000 1.00000 1.00000 1.00400

INPUT VARIABILES Y/DELTA,M/MO A331IME PxPD AND VAN DRIEST

73050504 14AT30ý4 FitortLE YADULATI01N 39 POINTS# DELTA AT PUINT 39

y P71/P PleD TWO/O WHOMI U/U1 7/TD RHOINNOI)*U/UD

1 0.00004+00 1.00004+00 14M 0.69503 0.00000 0.00000 32.62371 0.00000

2 .221?2-03 4.6a1h"+00 14M 0.94609 0.16797 0.604744 17.24124 u.0404S
1 2.5803'-03 5.4710'+00 NM 0.95209 0.18765 4.73725 15.43$20 0.04776

3.2110*-03 7.60120+00 NM 0.95904 0.21378 0.76000 13.34162 0.0585.1
5 .570 941111"+00 NO 0.96606, 0,24553 0,62260l 11.224 63 1.07329

to 6.9l50*.03 1.30081+01 JmM 0.97275 0.28353 0.84,04b 9.20984 0.0q341
7 7.1909"-03 1.4201"40l NM 0.97470 0.29671 0.87121 d.60123 4.10105

7.193110-03 1.604340+0 NM 0.9772? 0.31599 0.68515 7.84679 0.11280

9 9.2090*-0i 1.4740+401 NO 0.96031 0.14234 0.901114 6.43407 U.110042

10 1.018P*-02 ?.9279"*+0 NM . 0.96310 0.4382M 0.91068 3.6035s 4.2599
It 1,5967*-0? 2.99I9*+01 NM 0.99567 0.402761 0.96250 5.313t3 014111i2
12 1.21'31-02 2.qA125+0l NO 0.98316 0.55417 O.96604i 3.b&706 V.20053
IS 1.3850'-02 S395Is401+ NM 0.96901 0.505363 0.94163 4.74537 .321761

IS 1.5162*-02 3.9279"+01 NY 0.99110 0.60610 0.97491 2.5668) U.37960

810 1.9956*-01 4.150340+0 NM 00"S522 0.62531 0.97645 if.44093 0.40024
At 4.06I3"-02 6.6l47~*0l NM 0.99175 0.64666 u.97955 2.a8045l 0.42954
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SECTION 0. ADOITIONAL DATA. TEWERATURE PROFILES

0204 0304 0404 0504

POD Po a 5.378 MN/m2  Po " 7,929 MN/m2  PO a 10.76 imr2  P0 " 13.24 l/lm2

TOD TT • 3 0 2 K TT a 301 K TT- 300K Ty w 302 K
TW Tw - 283 K Tw- 283 K Tw , 283 K Tw . 283 K

6 6 60.80 1 - 40.64 w 8 - 40.64 S, - 40.64 m

Y/ T TO/TOO Y/8 TO/TOD Y/I TO/TOD y/8 TO/TOO

0.093 0.852 0.117 0.876 0.184 0.903 0.348 0.910
0.108 0.869 0.141 0.887 0.208 0.906 0.376 0.910
0.129 0.883 0.160 0.892 0.222 0.907 0.406 0.912
0.154 0.889 0.189 0,898 0.252 0,906 0.424 0.912
0.187 0.893 0,221 0.902 0.281 0,905 0.437 0.912

0,196 0.896 0.236 0.905 0.313 0.903 0.451 0.911
0.213 0.899 0.249 0,906 0.328 0.903 0.463 0.912
0.236 0.899 0.262 0.906 0.342 0.903 0.482 0.915
0.266 0.097 0.286 0.906 0.355 0.902 0.509 0.921
0.299 0.896 0.308 0.906 0.386 0.901 0.518 0.924

0.315 0.896 0.331 0.905 0.422 0.898 0.543 0,931
0.341 0.895 0.351 0.904 0.448 0.898 0.557 0.934
0.364 0.895 0.358 0.904 0.466 0.900 0.565 0.937
0,390 0.894 0.379 0.903 0.476 0.901 0.577 0,940
0.417 0.895 0.402 0.901 0.488 0,902 0.588 0.945

0.427 0.896 0.426 0.901 0.506 0.905 0.604 01951
0.447 0.898 0.441 0,900 0.515 0.906 0,636 0.965
0.465 0.900 0.469 0.901 0.538 0.913 0.655 0.5P3
0.478 0.902 0.476 0.902 0,564 0.921 0.678 0.9L0
0.492 0.904 0.489 0.902 0.582 0.926 0,698 0,988

0.51P 0.911 0,501 0,903 0.598 0.930 0.726 0.996
0.535 0.916 0,516 0.904 0.612 0.936 0.774 0.998
0.548 0,913 0.542 0,909 0,622 0.939 0.805 0.998
0,557 0.921 0.570 0.915 0.630 0,943 0.868 0.999
0.566 0,923 0.084 0,919 0,65I 0,953 0,912 0.999
0,581 0.929 0.598 0.924 0.671 0.962 0,945 0,999

0,592 0.932 0.613 0.928 0NO9 0.969 1.025 1.001
0.602 0.935 0.623 0.931 0.707 0.975
0.608 0.937 0.636 0.934 0.727 0,982
0,625 0.942 0.643 0.937 0.749 0.987
0.645 0.950 0.661 0.944 0.771 0.991

0.601 01958 0.684 0.951 0.791 0,996
0.679 0.JG3 0.706 0.956 0.829 0.998
0.692 0.968 0.716 0.959 0.836 0.999
0.698 0.970 0.730 0.963 0.848 0,999
0,706 0,973 0,741 0.967 0,862 0,999

0.719 0.970 0.762 0.970 0.891 O.N9
0.734 0.912 0.759 0.972 0.948 1,000
0.757 0.987 0.773 0.979 0.962 1.000
0.768 J.,9 0.787 0.984 0.978 1,000
0.781 0.9"2 0.815 0.991 1.020 1.000

0.796 0,994 0.42 0.99W
0.808 0,996 0.865 0.997
0.816 0.997 0.963 0.999
0.U87 0.997 0.877 1.000
0.838 0,.7 0,886 1.000

0,8653 0.998 0,918 1.000
0,679 0.999 0.974 1.000
0.914 1.000
0.938 1.000
0.949 1.000

S • , 4
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M :4 A. 2.56 to 3; B, 2.51 to 2.19, '74 01
C, 2.57 to 3.24.

R THETA X 10-3 : 14 - 24.

TW/TR : 1.05 FPG - APG
AW

Blow-down tunnel with fixed half-nozzle. Running time 50 s, W - 0.114, H - 0.083 M.

Air; 0.3 < PO < 0.6 MN/m2 . TO : 300 K. 3 < RElm X 10"6 < 6.

THOMAS 6.O,, 1974. Compressible turbulent boundary layers with comb-Ined air Injection and pressure gradient.
ARC (London) R I M 3779. And Ph.D. Thesis, Cabridge (1973), Squire, LC., private communication.

The test boundary layer was formed on a flat surface extending upstream into the settling chamber and
facing one of a number of contoured nozzle blocks. For the FPG cases these were cast In Araldite to a
design calculated by the method of characteristics. The flow was initially accelerated to give a uniform
free stream rt M w 2.5 - 2.6. A S0 or 100 expansion was then produced by a curved surface and reflected
from the test surface, where the design pressure gradients were linear, The stronger of the two expansion
fields was not completed within the test zone, For the APG tests, the second half of the contoured nozzle
was formed of a flexible metal plate. This was rolled to an approxiamte design shape, and then adjusted
manually to give a linear APG on the test surface.

Two test surfaces were used, one a solid metal plate, and the other a plate with a sintered section for
the injection tests which are not rvported here. The plates were 0.1 mi wide and tests extended over a
stremwise distance of up to 0.2 m, starting 0.44 m from the tunnel throat.

2 Other thin slight disturbances (about 1 1 in M) at the start of the pressure gradients, the favourable
gradients were "free from disturbance" until the large changes occuring at their ends. "One or two weak
disturbances were evident" in the APG case and "these did affect some of the boundary layer parameters".

3 The evidence of earlier tests (Jeromin, 1966, Squire, 1970) was that transition occurred wall upstream,
and that the velocity profiles were fully developed after experiencing the throat region expansion.

6 Static pressure was meisured alnng the test surface centre line at Intervals of 12.7 mm using tappings of
0.30 m diameter. The plate temperature was monitored by 7 thermocouples mounted 26 mm from the centre
line at interval3 of 50 me. The wall shear stress was estimated using the razor-blade technique after
Smith, Gaudet and Winter (1964). A section of blade 6,35 me long and 3.8 mm wide was mounted with its
leading edge just over the upstream edge of a static hole. The leading edge was 0.14 me above the plate
surface, and the upper side of the blade had been ground down so that the chamfering of the upper aide
was about 0.03 mm in height. The sensors were calibrated against thK Spalding and Chi (1964) CF correlation
for ZPG flow.

7 Pitot, temperature, and static pressure measurenmnts were made. The CCP used has a 2.50 semi-angle tip,
was of 1 m diameteor and the otatic holes were 20 m from the tip, No pressure variation through the boundary
layer was observed. The TO profile was measured with an ECP for which d m 1.65 m,, 1 = 2.5 mm and the
semi-angle a was $0. The readings had been compared earlier with a long slender ECP, and nn difference was
found, so that the shorter probe was used as being less fragile. The Pitot probes used ware FPP for which,
approximately, h1  0.13, h 2 - 0.035, b, - 1.5, b2 w 1.0 r. (These are representative figures, the source

8 paper giving much more detail.) Profiles, static pressure, and razor blede CF determinations were made on
the same normal at streiaisse Intervals of 12.7 em. For gradient B, series 02, the interval was 6.35 in.

9 The readings were recorded continuously on X-Y-plotters, and the tabulated values obtained from values
measured from the trace. The author also extrapolated the TO profile to meet the measured wall temperature.
The static pressure was takvn as constant on the basils of the static pressure traverses made, The author's

10 recovery factor was 0.09. No profile corrections were made and Sutherland's viscosity law was used.

12 The editors have presented only those profiles measured on a solid surfoce. The author also presents
profiles for each pressure gradient at two wall mass flux rates. The boundary layer edge state is that

I,
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13 selected by the author. The profiles forn three sets, 01 for the FPG "A" case with 15 successive profiles,
14 02 fon the APG "B" case with 15 profiles, and 03 for the PPG "C" case with 18 profiles. The CF value Is as

reduced by the author.

§ DATA 7401 0101-0318. Pitot, TO (and P) profiles measured separately. NX - 16-18. CF from razor blades.

15 Editors' cowmnts

The experiment is one of a series intended to provide comprehonsite Information on the effects of mass
Injection. Here we consider only the 'solid wall" case, which together with the ZPG experiment of
oeromtn - CAT 6402 provides a systematically varied set of pressure gradients observed In a single facility,

The principal uncertainty here must be the question of three-dimensionality, as the length/width ratio
of the ewperimantel surface is over 5 t 1. A momentum balance for the centre line profile sequence of
CAT 6602 showed discrepancies at the 20 - 30 1 level.

The profiles are given in fine detail, end at close intervals so that the layer development is easily
followed. Comparable tests with broadly similar geometry are those of Michel - CAT 6902 for the FPO case
and Zwarts - CAT 7007 in an APO. Lewis at al. - CAT 7201 give profiles at close Intervals on an axi-
sammetric "odl.

The author states that no normal pressure gradients were observed, but the frequency at which static
pressure profiles were measured is not stated, and normal pressure variations might occur In those regions
where the longitudinal pressure gradient Is changing rapidly.
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CAT 74101 THOMAS BOUNDARY CONDITIONS AND LVALUATED VATA. 31 UNITS.

RUIN MD) * TyN/TO PEr,,2 CF * 1a M12K Oil PD
*x * PODs. PA/PD. REr'2D co Mla M32K T11. TO
*RZ TODft 3I *t P2 P12 H4i2 D2K UD TR

76000202 2.5600 1.05/03 A.2562'#nS 1.5300'-03 4.2081 1.3845 2.1968'+04 e).19611"#04
0.0000,O .1200:+05 1.0000 1.674J2"*04 Nm 1.1913 1.7727 2.4Q 60*+02 1.2632"#02
INPINIE 2:9I00 +02 0.0000 4.25740-04 NC 0.0613 6..156O0"-0 5.7083940# 2.7408"+02

7401010? 2.1600 1.0547 9.4566'#05 1.5200"-03 6,2257 1.3615 2.1968m#04 2.19468*+04
1.27001-02 6.12o0'405 1.0000 i.7057,6 tiM 1.7959 1.1790 2.8970"+U? 1.2632"#U2
INFINITE 2.4190"+02 0.0000 4.363t"-04 14C 0.0633 6.2911*-04 507689'+02 2.74064+02

*76010101 7.3600 1.0550 4,36641#03 1.51001-03 4.a007 1.31164 1.1966"+04 2.19660#04
2 .540ON-0i 4.12000+051 .0000 1.o,75"f0l NP' 1.6vill 1.7650 9.09801+02 1.2632mto2

*INFINITE. 2.9190*+02 0.0000 41.3170-046 NC -0,0297 6.27380-04 S.76691#02 2.7468"402

74010104e ?.S900 1.0561 9.0630,#03 I.5350"-03 4.2581 1,3474 J.0970,#44 2,09701#04
1 .51J00-02 6.2200.05s 1.0000 l.6bas~f.06 NM 1,8665s 1.7660 ?,69904+02 1,24b664*9
INFINITE 2091900+02 0.0000 4.A0224-O6 NC 0.0391 6.6910

6
-011 S.70794+02 9.74512002

*7601910S 2.6300 1.0S73 6.63So",o3 1.5650"-03 JI.3749 1.3349 1,9712*+U6 1.97121,04
5.0690*-02 4.12000#95 1.0000 1.O6044"04 NM 1.8117 1.7955 a.9000b+02 1.2267"tga
INF1141TE 2,9190.#02 0.(0090 4.7626.06 tic 040201 6.5317"-04 S.83560#9I2 2.7400+021

70o~l06G 2.6700 1.0585 0.2509"#03 o.565o"-Q$ 4.4754 1.3423 1.611324#04 1.0532"#94
60S500.02 4.1200Q+05 1.0000 1.7532"#04 NMA 1.8100 1.7928 2.90104+02 1.2033.0#0
INFINI1TE 2.91900*,a 0.0000 4.72714-04 tiC 0,0190 6t.8416"-04 b.8724*tu2 2.7406'+02

76010107 2.7100 1.0597 7.6151"#03 1.5550*-03 4.6469 103091 1,74W+~04 1.742S~,ou
746200*-0? 4.12001+05 1.0000 1.68861#04 NM 1.6166 1.8102 9.90i00+02 1.06l3Ws09
INFINITE 2.91906,02 0.0000 4.6516"-04 tic -0.0274 b.731006.06 5.9OS14+ua 2.13bit~toa

74010106 2.71100 1.0606 4.60149+03 1.5500*-03 6,1364 1.3040 1.63050+04 1.6311110#0
8 .59001-02 4.11a(04060 1.0000 t.7605"#04 NMA 1.62qo 1.1012b 41.9020

6
*tj2 1.16160tua

INFINITE 2.91900#02 0.0000 4.qs50"-06 NC 0.0386 ?.o94%".ooA S.943090+2 2.73W#0so2

74010109 2.7900 1.0t616 0,02
9
9"+03 1.5500V.03 4,b()4? 0.2424 I.WS11'04 1.5410#04O

160160"-01 4.1200*0+0 2.40000 1.7930"*04 NM1 1.6337 1.6171 J%.9010'*0l i1.067"fu2
INFINITE 2.914106+02 0.0000 S.15670-04 NC 0,0603 7.4132*.l6 S.47704#02 2.7342~02

74010110 2.8400 1.0610 7.761191+03 l,10550".93 4.7650 1.3015 1.41640+04 1.4254~040
1.14301-0I 4.1200*.05 1.0000 1.76B55404 Nim 1.0111 1.816t 2.90100+60I 1.I1710002
INFINITE 2.41410"+02 0.01000 5.22511".04 N4C 0.0396 7,60460-U4 6.01411,0+0 2.7311604v

16010111 ?.61109 1.0624 7.7504*,o3 1.54500-03 4.7735 1.2696 1.36618*#0 1.344662tul
12.7900-01 4.Il00*.05 1.0000 t.7949*0'4 NM 1.6366 1.1617 2.90004+42 1.097S1#02
INFINIFE 1.411,900+02 0.0000 S.41950-04 tic 0.051 7.8796"-04 6.0502"002 2.72966*02

74010112 ROM00 1.0686 7.6718*tU 1.53500.03 4,905p 1.2880 1.30400+04 1.3040#046
1439104-01 4.1110+

6
05 t.0000 1.79114"toii (it' 2.410s 1.8169 4.64900#ya 1.0066meul

INFIITtE 1.91190,00 0.0000 5.446SN-f6 tic 0.91A9 6.0al?6"06 0.06S98+92 2.7206M#02

7601u211 a.9100 1.0626 7.b$60#9o3 1.5250'.03 5.0026 0.2863 2.k26R*,04 1.2462*#U6
1.$2401-0l 46.2k00"+05 1.0000 1.60899004 Nit, 0.0602 0.6206 4110194060oa140744'0+0
INFINITE 1.91900+02 0.0000 S.612l0N-1 Nt 0.0145 5.26W3-04 6.0591*0#0 2.7271"#02

76010116i 2.9600 1.06aa 7.9521"#03 0.51150".- 4.9022 0.1953 1.1911~0+0 1.1911"0#0
.05106-01 dil.02040.o 2.0000 1.9026wLI6 NMA 1.63#13 1.8156 ad.6670402 1.4huIb-#01

INFINOIF P.9190l,02 4.1000 5.9957*/34 NC 0.079b 8.51131-Yu4 6.1116"tU2 2.12W#~02

7602620% 3.0000 1.0632 7.3085'03 1.50500-03 S.00112 1.2793 1.b016*+04 l.11161#04
1.77000-01 4o,1a000+0s 1.0000 1.19064#04 :11m 2.6430 1.0236 a.8460%#02 1.062110tol
INFINITE a.9t90oi02 0.0000 5.77041-04 tiC 0.Ullm6 .$430"-U4 6.111140#02 2.1236"#02
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CAT 7601 THOMAS BOUNDAPY CONDOliONS AND LVALUATFD DATA. 81 UNITS.

RUN HOD A TVI/ToP 0DflW CF H12 H12 NK PH PD
K f POD* Pm/PD, RCI'20 cc ~ H 1. 113 Twtf TO,
RZ TOD*t Sh * 02 PT? HO? DR UD 14

0.OfloO'.0fl 3.08104#05 1.0000 1.47700+04 rim 104'24 1.1773 1.91600#02 1.14155',o
INFINITEI a.9440'0#6 0.00o0 dl.97PPO.014 tic 0.0721. 7.0706"-Od6 1.7%*09'1 Z.yb9qp402

*74010202 2.5200 1.0514 7*o06b',01 1.s406'o-us ii.27' 1,360b I.117s405,u 1.111714+0
1.270fil-oa 3.04011*015 1.0000 1.oue,7,,Oo 1M 1.79bu 1,7747 a.l1601+ua 1.291'h'*U
ININNITilE 2.94100#02 A.0000 A.M1il'-fli £jtr -O.U1ft 6.6480di-1)4 %.ISQ9.02 2.76990+ua

74010203 2.5300 1.0133 Aý.f,6?f03 l1.60sno'0 is.a'414 1.3560 1.72Oi.o"04 1.7205,00
l*4A.1 3.60.0 . 10 .1131"#0'a -41 1.0?69 1.7029 .1.91700#ul 1.28984#02

IN7Illl 2.4410,44a A.0000 4.51Ib.o04 tic 0,0026 b.4710*-v4 S.76000#02 2.7693",02

74010104 2.5200 1.0531 6.AIl'.01o 1.6201-04' 3 Q.132 1.3511 1.747%0*O4 1.7o?1's0*0
3.111000-01 3.0S(040os0 1.10000 l. 157 2* 0f4 141' 1*60011 1.761 2.q1701,ua 1.24)%50402
z~ININITE 1.9410"#02 0.0000 I.560b1-04 1dC -0.0053 6..13S3"-I4 !1.15014.02 A.?694s0"40

74010tos 2.4500 1.0181. 7.nblia"+8 1.54110'.03 4.1159 1.3611 I.0164d.04 1.61964',0
1.06000-02 3.11060"05 1.0000 1.1840#0O4 14M 1.7431 197671 2.91604Yu 1.11864'402

*INFINITE 26.4410*402 0.4000 4.5b46-o"04 NC -0.0060 6..19660-011 .7101.0+0 2.?M"3402

A74010206 2.4500 1.ASIQ 7*.47SP'03 l.1100'-011 N.1704 1.3760 I.94164*,u4 1.90640#44~
4.1s00'-02 3.0OO0000% 1.0000 1.4474'ft04 NM 1.7464 1.7712 Iql.410"+Ul I.J3654,s1
INFINITE A.94104+02 0.1000 4.69O-04 14C -0.04610 6.80040-04 1.6769'*U2 2.174100UR

7401~upot 1.64100 1.0510 7.4644"s03 1.1110'-o3 4.00954 1.3817 1,07926+04 1.9792*004
7.0060 3.0800,44S 1.0000 I.S4070+04 N14 1.7?13 1.7067 a.9196'0#0 j.14d~w4R*i
INFINITE 2.40110"4112 0.10000 4.97450-04 NC 0.0018 7.10177-04 S.e.661110+0 a.77d4110+0

*740140200 2.4100 1.01151% .47070#03 1.44100'-03 d160123 1.11133 a.07410+04I 2.04111+04
G 4940"-Q? 3.084011+45 1.0000 1,61900404 NH 1.7619 1.1741 2.412002+0i 1.36Y60+9
INIFINITE 2.4410,000 0.0000 '4.3421-dl4 NC 0.O047 7.18644'-Ul 1.5*430t10 41.7766'.UR

7401V409 2,3940 1.0566 R1.7173'.03 1.46500-03 3.9741 1.3630 2.13990.06 2.1399"ouil
1.01600-01 1.011000#0 1.60000 1.641.41144 NIA 1.7676 1877S? l1,940'001 I'llra7*Ul
INFINIE 1.0440+020 A.0000 01.18517-04 tic -0.0048 Y,30?40-Ii4 S.61440401 9.7774"#0l

74010210 203400 1.0440a 4.466,10+43 I,6410'.03 3.9143 1.3616 &.31100+94 2.311110'+0
1.14100-01 1.0400.0#4 1.0000 1.6446'+06 NM 167754 1,7616 a*91160%,001 1.4051"+V?
INFINITE P.94109062 0.0000 '4.6.731"-04 tic -0.0071. 70941'9-0A S.S1064'.0? J1.?All'U2

74011041 1.1330 1.0440 14.46210*03 1.4100'-03 6.0404 1.3733 141.391e04 1.15020+04I
1947004-01 1.06004~04 1*4000 ls7630l'+4 Tim 1.7611 1.14A1 l.9410'ft01 1.4U011010
INFINItF 1.4410atoa 0.000() 11.186".04 NC -0.0441 7.63800-0a %M073'060 2.76186+02

74010211 163094 1.0479 1.00.41+04 1.41001-01 3.7464 1.3674 0.S6io#P04 1.4631'l041
1.3R?G'-0I 1.01100*01 1.0000 I.4?710e04 Nm 107462 1.76uS J.9110'001 1.429190#0
114FINITE 2.9410*#01 0.0000 11.11276"-04 NC 0.0011 S.1lalo-ol sesI87'00l a.18300001

74014,211 1.2600 1.0474 1.12671#04 1,41010'-03 .46706 1.3716 1.5411"004 2.54W#'04
1.111400-01 3.0400*040 1.0IUO0 2.036l'0#0 1dm 1.7779 1.7606 2.91yoottil 1.4414,+Ul
INFINIft 1*44104010 0.0000 6.05410-04 tiC 0.03141 11.3281-vi S.469a1.I 2.71I11'4011

74910211 5.6700 1.0460 t.I104+0'4 1.40000-01 3.4736 1.3663 &.16110"04 2.S1611891
1.41100-01 11.0600'0+0 1.4000 8.07466*.4 Nim 1.7401 1.7679 2491604#92 1.44641,001
INFINITE l.9410"tOl 0.0000 6.14390-04 14C 0.01664 .49681-U4 11.47744#02 W.7116',01

740tua11 a.3100 1.0411 1.3467'#04 I.3410l-43 5.46?41 .3940 a.b311sloool A.63S7'.g
1.77000-0l 3.0400'0#0 1.0000 ?.3640#'04 NIM 1.4671 197%46 a6911666#1 1.667W'vool
INFINIPE 11.0410"M0 0.0000 6.600?'-04 NC -0.0411 901641'-94 9,4046'0#0 1.7694vioal
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CAT 7'4nL TmO 'A AS j~nk)Pj)APY C0'11 I 1U'iS AmPI LVALUATFD J)ATA. 81 IiuNTT.

*RUN MD* Yvi/TP PLI'?,v CIr H1 Wa,? II? P8 PU
x POD* PYI/PDN P10,10 C(1 Hi 02KI TWO :
Rl TV* L * IOe P12 H42? L)K UT) TR

74010301 2.3700 1.053'4 7.8294"403 1.54000-03 '4.2753 1.3856 2.16301O04 2 .1610"+0 Q
0.00000.00 4. 1200"*05 1.0000 1 .5946" +0'4 NM .8.009 1.7834 2.67600+02 L .25031+02
INFINITE 2.9020"402 0.0000 '4.0427*-0'4 NC 0.0230 S.8024"-048 5.7618"+02 2.7392"+02

7401030? 2.6100 1.0346 7.4201"+03 1.5d400"-03 '4.3007 1.3368 2.0330'.+04 2.0330"+048
1.27000-02 4.12t40".0'5 1.0000 1.533o7104 NM 1.8106 1.7965 2.8770*+02 1.92441+oa
INFINITE 2.9020'0#0 0,0000 3.479'i0-04 NC 0.0310 S.6?130-04 5.7q999+02 2.721910+02

74010303 I.S600 1.0343 0.41800+03 1.S60O'-ul 4,2646 1.3393 2.12971+04 2.12970004
2 .5400"-0l 4.12000405 1.0000 1.722I~t04 NM 1.6061 3.0932 2.8760*+021 .24484+0l
INFINITE i.9020'$0i 0.6000 4.390l'-04 fie 0.02480 b.218*6-U4 S.77140+0o2 2.72974+01

74010304 2.0100 1.0554 7,7160~,03 1.5900".03 4,3737 1.336% a.03100+04 R.u330*+04
34610"-02 4.1200*#05 k.0000 1.S9934#04 Nm 1.6114 1.7964 aeGY90'0+0 1.22164VO2
INFINITE 2.9020l002 0.0000 4.1414"-04 NC 0.00483 5.9432"-04 S.7999"+02 2.7279N+02

*7401030% 1.6140 1.0337 9.0069"V03 1060000-03 4.a316 1.3293 9.03300+04 2.03300+04
5.0800*-02 4.12000+05 1.0000 I.ftbos'404 NM 1.0099 1.79S4 248800N+02 1.2204N+02
INFINITE 1.E0aO's0l 0.0000 4.63440-04 NC 0.0%33 6.8009*.04 S.19990+02 2,7119'.02

74010300 a.6700 1.0574 7.7906'+03 1.5Q50'.03 4.4879 1.30S7 l.S531',o4 I.BS33a"u4
6&31000-01 4.1?00*405 1.0000 I,0535'04 NM 1.8620 1.5119 l.866lU*.0l I161%0+02
INFINITE 2.40106+0j 0.0000 4.426S"-04 NC -0.0085 6031so"-04 5,sssa*'oa 2.72'4o'402

74010307 1.7100 1.0566 7.5049*+03 1.56501-03 4.0149 1.2645 1,71u04+04 1.71.(1'+04
7o60100-02 4m1l0Q'.05 1.0000 l.62840+04 TIM 1.6105 1.8131 a.##a0'40lT 1.17034+02
14IFINITE 1.9020,0#0 004000 4.4722*-04 NC -. 015A6 6.38511-04 %.64974to2 2.72194+02

74010306 1.7700 1.0602 7.77M04#03 1.5400".03 4.5%S? 1.2631 l,5604p#04 1.5899d1+04
8.84900-02 4.1290*405 1.0000 1.7232"904 NH 1.8302 1.9110 2.583000021l.1650'0#0
INFINITE 1.902040+0 6.0000 4.AbW7-04 NC 0.0367 U..93bgl-O4 S.94970*01 2.7193N+02

74010304 2.6400 1.0620 7.1846",01 1.5900'-03 4.7a13 1.2689 1.42544+04 1.482641#09
1.0160".0l 4.1200"Os 1.6000 1.66I5,004 NM 1.m440 1.6301 11.4840MOOR 1.1t05,*0l
INFINITE 2.90100.Q2 0.0000 4.6682"-04 NC ooais f.979lVU48 6.000.4+02 2.72571to2

*74010310 2.4000 - 1.0631 7.02751#03 IMWOI-03 4.7989 1.2031 1.30400$04 1.S0401#04
l.1430".01 4.00a0'4405 1.0000 1.66661,04 NP 1.6464 136311 2.68650f4l+ 1.v490m#01
INFINITE ?.q0ja,,*0l 0.0000 S.0mW-04 tic 0.0443 ?.2426"-34 6.046)'0+0 2.710"00al

74010311 2,9600 1.0030 6.9397~*03 1.56001-03 '4,6672 1.4539 1.1911,404 1,1911'4'44
l.1700'.01 4.1100*403 1.0000 1.66264,04 NM 1.6536 1.8367 it.WbO'i001 1.0540#0ul
INFINITIF 1.90104+02 0,0ug0 5.1992"-04I NC 0.0647 7.451s".04 0,09401+oa 2.70961#01

74010311 3.0100 1.0001 6.77S6,403 1.5750"-03 4.9599 1.1320 1.10491#U4 1.10440'04
1.3470'.01 4.110040#0 1.0000 1.65454#04 NIA 106$60 1.6403 01.6670"foa 1I.0310'.02
INFINITE 21F0101#09. 0.0000 1.32P03'-04 NC 0.0735 7.66141.04 661308"002 217075'049

74010313 3.0500 1.0074 6.5696's03 1.S650'-03 S.,Iol 1.2440 I.0'406'o*04 I.0406.040
I. 12 400-01 4.I200'ts0 1.0000 1.64010#04 NM 1.0396 1.6441 it.6880'0#0 1.0100#020
INFINITE 1.4010*902 0.0000 1.18470-04 NC 0.0301 7.61461-04 0,1594N*0l a.7057"+02

740101 3.1000 1,066b 6.67300+03 1.SS004-0 11.1760 1.a4f09 9.00oq~tus 9.66009',03
1.6 10".- 9.la0omfo 1,0000 1.09sb*+04 Nm 1466611 1.84813 a.6S904*02 9.93160'01
INFINITE 1.9010490A 0.0000 S.71490-04 NC 0.0729 a,14533-44 0,l941''401 90703s"402

74010315 3.1300 1;06q% 6.4931*+03 I.S150*-o3 5.5413 1.14865 9.14Q5"+.u3 9,2403'403
1.77600-01 4.l100m#05 1,0000 1.670b"+04 1484 1.4576 1.6405 2.#9000#02 9.461001'l
INFINITE 2.9020'.1l1 0.0000 S.72t1,2-044 NC -0.0149 4,5i00"-04 6.2144"40a 2.7901+2'0

74010316 31.1700 1.0706 6.06871"03 l.%a00'-O3 S.0774 1.1430 5.7202',03 6.7102*443
1.90500-01 Q.1100'40 1.0000 1.7491"+04 NM 1,6587 1.6419 a.11910of$02 9.64100+0I
INFINITE 1.9010'00l 0.0000 6.IZ941-04 NC 0.1%30 5.6640"-04 6 ,24090tOi 2.709%1402

74010317 .11200 1,0716 6641155'*03 l1,31009-01 S.1767 1.1450 1.0927'03 0.09W+'03
2.0320'-0l 4.1l00mfol 1.0000 l.01850+04 Nm 1.0%47 1.6411 2.0910'4ul 9.441%6101
INFINITE 2.9020,44a 0.0000 4.1664".04 NC 0,1616 9.02641-04 6.4?31'.00 J.0964040i

740201 .40 102 ,790 115000".01 4.2068 1.2436 7.631901*03 7.0590"403
A.13900-01 4.I1a0coga t.0000 2.03474+04 Nm 1.05%4 1.637 a.42930'0#0 4.3017*+0l
INFINITE l.0010"Ona 0,R0000 7.ell6'. NC 0.3.154 IM010-US 6.2457Pt0I 2.69764+02



7401-C-i

74111 TIoAS P~nFILE TABULATION 29 POINTS. DELTA AT PIJINT a9

I v OT/P P/F') TO/TOO MIN4D U/Un 7/TO RH()/Ri2WI)U/UO

1 o.oooo"foo 1.90000'+(0 NM 0.94212 0.00000 0.00000 a.M951 0.040000
a 1.0000"-94 I.7s555*+O0 NM 0.99720 o.16461 0.5110(1 0.46209 0.26045
3 2.0000"-04 I.4767*+00 rim 0.94312 0.40497 0.55600 I.A8500 0.294qb
4 1.0000"-04 2.?gS1"too N"% 0.98664 0.44622 0.b0009 t.e0000 o.s3316
s 'I.00001-04 P.%0691tao ýlm 0.94332 Q.4R35 0.63b00 1.74en00 (.365110
6 5.0000"-04 Z.7469"fo0 14M 0.16135 O.S1164 0.4bsn0 1.b6880( 0.1939c)
7 6.0000*-04 a.0429"to0 NM- 0.97884 O.5148b U.60600 i.bQ4200 0.417ne

* ..00-A 320'00 NM 0.97571 u.Sb3Sl 0.71100 1.Sqa200 0.440o1
go !.:00::0,;0 l,.439:2*0 Nm 0 .97855 0.56061 0.71400 1.55510 0.47203
10 I,2000*.03 3.66!.2"t0 10, 0.98115 0.61117 u.7%400 1.52900 0.494.4l
11 1.441000-03 3.6845"t00 fJm 0.98332 0.63213 0.77200 1.0410d0.951771
12 I.600O*-03 4.ta276000 NM 0.t8654s 0.b%531 0.79100 1.45700 05401)
Is 1.60000-01 4.34601+40 Nim 0.94863 0.67506 0.60700 1.429M0 0.56473
14 2.0000*-03 4.S997"#00 tim 0,96971 0.b,715 Q.112400 1.39700 0.10984
Is 2.20000-01 4.63141#00 lim 0.99218 O.71681 0.81900 1.31who 0461141
16 a.4000'-03 5.0659"41110 hM 0.99S93 9.71606 0.ass00 1.34340 0.6351S
17 a.b6000-03 9.3453"to0 ON 0.996S7 U.75036 0.86400 1.31100 4.96154
16 d.8000"-03 5.59694#00 11M 0.99623 hi.77746 0.88100 1.28100 0.66531
19 3.00001-03 1.61761#00 1114 0.90661 0.74466 0.59200 1.26000 0.70794
20 1.3000'-03 W.0909"f00 1M 0.99813 0.52354 0.91000 1.M200 0.74%29
21 3.6000*.03 6.64050too tim 0.99724 0.65410 0.9p700 1.17800 0.78691
aa 3.9000*-03 7.0573"f00 UM 0.99626 9.88265s 0.94200 1.13900 0.Sa704
A 3 4.200000-03 7.49217o00 lim 0.994446 0.911S1 0.9%600 1.10000 9.46904
114 4.S0000.-03 7.q075"600 NIA 0.99634 0.93817 U.97000 1.06400 0.90739
43 25 .I0000-03 9.28770fou tip 0.99%96 0.96195 0.9f100 1.04000 0.94327
16 5.2000,413 8.'I947".(.0 NM 0.99693 0.96073 0.99000 1.019001 4.97154
k? S.60000-03 6.7909s'o0 214 0.99650 0.992SA 0.q90600 1.0ol00 0.9690
its 6.0000"-Q) 6.4909"000 tim 0.99939 0.49050 0.94900 1.00160 4.94,600

0 D 9 6.46000-03 8.9161',fl0 tiN 1.90000 1.90000 1.00000 1.00000 1.00000(

INPUT VARIABLES YoUt130,7/vt) ASSUME PoP))

79010115 THOMAS PROFILE TABULATION 40 POINTSF DELTA At POINT 40

1 y 10741P P.'PD TO/TOD Il/110 U/UO Ti10 AHO/RHOLJ.U/UO

1 0.00001+00 1l.10000''00 NIA 0,91212 U.900000 0.00000 2.77794 0.o0000
2 1.00001-04 1.89760too lip 0.99971 U.33404 Q.S2000 2.131n0 0.21679

3 .0000*-04 104#42,400 141 1.00191 u,40.11a 4.bnlA0 2.15600 11.979%
4 3.04000-04 2.91011'+00 14M 1.00075 0.44396 Q.65000o dooftau 0.31707

7 6.00100"04 3.74117~4+10 0.99711 0453M4 9.7?300 1011100 0.39060
a 6.0000.-04 0019A3.010 NP 0.99161 0.56469 Q1,7500 I.T64110 Q.41517
9 1.01004'-03 4.42M61#09 IlM 0.96336 (1.s4176 0.7100O 171110 V.44471
10 l.2000"-03 4072771+00 141A 0.9p125 9.60421 o.77"0)0 1.65b0u 0.46924
lI 1.40001-03 4.47340*00 NM 0.90044j 0,61166 0.79199 1,61900 0.48657
12I .bn00*-03 5.10401+00 liH 0.981149 0.636203 0.60200 1.56900 0.5047d
I) l,6009*.03 S.I91T*+OQ NM 0.9191M 0.404033 0.812009 1.5590(1 0.5206
14 9.0000"-03 5.196o'.00 NM 0.98167 0.663010 9.6pa00 1.5330Q 0.536101
IS i.l000*-03 s*5120'.00 14M 0.98122 01.67775 0.83200 1.501n0 001S~209
16 2.4000"-03 6.u090'400 NN 0.98953 0.69004 0.64000 1.46100 Molts1
17 2.6000*-03 6.20110,400 NMA 0.96480 0.7026'4 0.54400 1.46(100 9.56151
Ie R.6000"-03 6.38974+00 li' 0.96533 0.71311 0.65600 1.44VA0 0.59444
29 1,0000"-03 6.5586',00 li4 0.98618 0.72196 0.86300 1.422(lu 0.60732
a0 1.3000*-03 6.79060+00 I4m 0.96I05 0.73771 0.67100 1.39400 0.62462

2 1 1.6000".03 7.05800+11O riM 0.987113 0.75314 0.88200 1.311100 0.64401
21 3.9000".01 7.33741+00 )Nm 0.94964 0.76913 0.69100 1.342001 0.66S93
al3 4.1000.011 7,%&73"+00 NM 0.99027 (1.76307 0.64900 1.31800 (1.66099
24 4.50000-01 7.a6639*00 lim 0.99a16 9.79621 0.90801) 1.29000 0.70170
a5 4.60000'03 6.101'4+00 NM 0.99206 (1.61097 11.91500 1.27300 0.71877
2b 5.29000-01 6.40#07,0+0 tiN 0.99497 0.61711 0.92?40(1 1.24000 0.74038
a? 5.60000-01 4.7164'0+0 Nm 0.99639 0.64366 0.93300 1.22300 0.76260
&A 6.00000-03 9.0516.400 (IM 0.q9966 0.66026 U.94200 1.09400 0.786%6
a9 6,400fl-03 9.3700"#00 14M 1.110016 9.67603 0.95000 1617600 0,60761
10 6.80000-.03 9.63800+00 fNm 10.00341 0.46916 0.95600 1.15000 0.02699
31 7.80001-03 1.0011N.01 NIA 1.00211 0.907110 0.OASOOD 1.1)000 0.65396
32 1.6000"-03 1.0339*+O1 140 1.00379 0.92256 0.97200 1.11000 U.671166
3) 6.0000"-03 I.05064401 NW 1.00434 0.93406 0.9771)0 1.99400 0.11930
14 4.50000'-03 1.102I*+Ol NM 1.00443 0.95402 0.98500 1.06600 0.92402
35 9.0000".03 1.1343*#Q1 10A 1.00557 00941110 0.99100 1.04700 0.946sk
36 VISOO0N-03 1.161'4#0l NM 1.00410 0.98040 0.99500 1.01040 01.9660A
37 1.0000'-01 1.17499+01 14M 1,00111 0.96663 0,99709 1601709 0.96031
36 I.0500'-01 1.19011+01I NM 1.00100 0.99305 0.99800 1.01v00 o0oble1
39 i.lo000-0l 1.19110*81 hm 1.00050 0.99651 0.99900 1.00000 0.99403

0 40 1.1soo"'01 1.1061"+01 NIM 1.00000 1.040000 1.004000 1.00000 1.00000

INPUT VARIAULCB YOU/LIDT/TO ASSUME PIPO



7401 -C-2

74010206 THOliAS PROFILE TABULATION 32 POINTS, OD.1A AT PUIIT 32

1 y P12/P P/PD TO/TOO li/tO U/UD T/TT' RtiO/RHOV*U/UV

I 0.0000"oflo 1.0000**00 NM 0.992m6 0.00000 o.0nOflo 2.1abi9 0.00000
2 1.0000"-04 1.72601*00 NM 0.998611 o.36115 v.516i00 1.Mi9100 U.28045
3 2.lflOO"-04 1.99751+00 NM 0.99728 0.43382 v.57700O 1.76901) 0.32627
4 1.0000"-0L 20.1m8lto0 Nw 0.99387 0.50186 u.(.03n) I.72600 0.14934
5 4.00001-O0 2.29191+00 N4 0.99081 0.46105 0.6?500 1.68800 0.3702o
6 J.00001-04 2.ii273"+Oo 1414 0.961004 o.50075 0.64400 1.4.5000 0.3893*
7 b.0O000'04 2.51po".Oo liJ 0.9abfl0 0.51256 0.0%500 1.6si00 U.40110
5 0.00001-04 2.7460+0,f0 NM 0.96)74 0.S0345 0.66000 1.S6)00 0.03209
9 1.000O1-0S 2.904b0#O0 N14 0.96M6 0.56836 0.70600 1.54100 0.45755
I0 1.2O000'-03 .i~tatoo NM 0.9$955 0.sA611 0.7?400I 1.51100 0.47769
11 1.40000'.1J 1.30m81400 NM 0.96396 0.61074 0.784dJO 1.46400 02.50135
12 1.60000-03 3.05634#00 NM 0.96018 0.62731 O.7S600 1.46000 0.11916
is 1160000-03 3.4l95*0f0 NM 0.96071 0.64567 0.77400 1.43100 0.53862
14 2.0000'-03 3.7930"#00 lim 0.90762 0.66266 0.701800 1.414000 0.l5716
IS 2.2000'-03 3.9816'f00 NM 0.99041 0068194 0.80400 1.39000 0.57642
lb 4.400O0*-01 4.1500"000 N4 0.99201 0.69627 0.81700 1.36900 0.19679
17 2.6000'.Ul 4.36430+00 NM 0.99190 0.72670 0.013200 1.34000 0.62090
18 91.60000'-03 4.s3454#00 NM 0.9qs4s 0.13'461 0.84400 1.32900 0.63939
19 1.00001-03 4.7417*+O0 NM 0.99541 0.7S339 0.85000 1.29700 0.661S3
to 3.3000"-03 S.0600+00o NM 0.99762 0.?S167 0.878000 1.26100 0.69627
al 3.6000"'.03 5.35041+00 NM 1.00066 0.60601 0.69500 1.23300 0.78567
la 1.90001-031 5.66460#00 NM 1.00303 0.83185 0.91200 1.20200 0.75874
83 4i.0000-03 5.49974+00 NM 1.005st 0.65649 0.92900 J017100 O.79330
R0 4.50004-03 0.3I484t0o NM 1.00571 0.66101 0.94300 1.14160 0.62447
as 4.60000-03 615960+~00 NM 1690639 0.90401 0.95500 1.11600 UAW557
86 5.20001-03 7.01860"oO NM 1.00340 0.93512 0.97000 1.07600 U.90149
2 7 S.600001-03 763458p*00 NM l.00700 0.99957 0.96400 1.05M0 0.93536
to 36.0000*-03 7.67S80+00 No 1.00406 0.9606S 0.994000 1.02700 0.96767
19 6.4000"~-03 7.8614I+00 NM 1,00al3 0.99107 0.99700 1.01900 0.96516
30 6.40000.03 7.9067"+00 NM 1.00124 0.996411 0099900 1.00500 Q.9940)
31 7.2000*-03 7.9511*00o NW 1.00046 0,999%0 1.00000 1.00100 0.99900

0 38 7.60000'-01 7.95670+00 NM 1.00000 1.00000 1.00000 1.00000 1.00000

INPUT VARIABLES Y#U/U~oT/YD ASSUME PwPD

70010115 THOMAS PROFILC TABULATION 36 POINTS# DELIA AT PUINT 36

I P18/P PýPD TO/TOO M/MO U/LIE' T/1E' RHO/RNO0*UiUD

1 o.0o00O'*0 1.o0004+0o MMo 0.99150 0.00000 0.00000 l.~0002 9.00000
a 1.00004-04 1.52141+00 NM 1.00369 0046106 0.47900 1.76000 0.Z2116
1 2.00000-94 1.7092~0+0 2214 1.00341 0.01162 0.53700 1.70200 0.31551
0 3.0000".04 1.57740+00 Nm 1.00119 0.00929 0.576000 .6100O 0.34914
S 4.00001-04 1.#9960+100 NM 1.0001a 0.07347 0.60300 1.61200 0.37176

0 5,0000"-04 1,0971*,@@ NM4 0.99842 0.44140 0.62in0 1.59700 0.36065
7 6.00001-04 1.1Sfl40#00 NM 0.99596 0.10596 0.63500 1.%7500 0.40317

6 6,0000.-04 alm31040 NiM 0.9916N O.Sa691 0.65700 1.54100 0.48579
9 1.00000-03 l.440sU,00 NM 0.99116 0.55283 0.67900 1.51100 0.04937

10 l.10000.03 P.96100#00 NM 0.99137 0.14653 0.60100 1.4990U 0.41631
II l.40001-03 2.4560*+00 NM 0.99004 O.50006 0.70000 1.47300 0.47794
11 1.60000.03 8.766l0400 NM 0.96925 9419506 0.71600 1.411400 0.09409
13 1.80001-03 2.06510#00 N4 0.99004 0.60798 0.72900 1.43800 0.50095

1I 4 .0000,-01 1.0631"#00 NM 0.99139 0.02113 0.74200 1.42M0 0.58160
s a.20000-03 3.06406to0 Nm 0.99001 0.613549 0.70300 1.400400 0.5163a
16~oo~-s )ll7*0 N 0.9918? 0.64910 0.7t.,100 1.38900 0.%S07e
17 a.60000-03 1.29140#00 NMA 0.99406 0.64390 0.77600 1.37300 0.54060
06 41.4000"-03 1.4810+'00 NM 0.99)60 0408003 0.70100 1.3%300 0.58646.
119 1.00001-03 1.%367*to0 NM 0.990468 0.60$34 0.60800 1.31#00 0.19900
80 1.3000"-03 3.7103"+00 NM. 0.99tes 0.71333 0.81600 1.31500 0.02105
a1 1.6000101.0 1.927I60,0O NM 0.94773 0.737%1 0.03700 1.40600 0.00900
81 3194000".'0 4.1409**00 NM 0.99868 0.740s0 0.65000 1.26100 0.67180
al 4.20000-03 4.36470#00 NMO 1.00096 0.76435 0.07100 1.21300 0.70550
14 4.50OO"-03 4,1)999'M~ pim 1.00163 0.60750 0.66900 1.21M0 0.73350
85 4.69000-03 0,615ot00 NM 1.00416 0.08974 0.904000 1.14700 0.70156

1 84 5,20000-03 SoI02d',00 NM0 1600619 0,65977 0.9,?000 I.1500 0.080900
27 11.60001-03 S.4010#100 NM 1.008111 0.66907 0.94300 1.18500 0.636882
as6 .00001-03 1.74,190#00 NM I.00690 0.91425 0.95800 1.09800 0.67850
a9 .4.0001-01 6.0240~000 NM 1.00707 0.93684 0.97100 1.07100 0.90003
30 6,6000"-0$ 6*12404N00 NdM 1.00600 0.94,350 0.964000 1.03030 0.90343
31 1.4000'-0) 6M,?140000 faM 1.00077 0.97963 0.99800 2.0ps00 0.9.160
3a1 .6f0001-03 6.61890#00 NM 1.00316 0.96713 U.94500 1.01.00 0.91933
"3 *.0000*-03 6.4601000 2dM 1.00009 0.q9904 0.90700 1.006*10 0.96090
30 #.5000*-03 6.741'0+00 NM 14000S3 0.997,10 0.94900 1.00100 0.90401

* £ 9.00001-03 6.?048'400 NM 1.00051 0.999190 1.00000 1.00100 0.99900
0 30 9.5000*-03 6.7710*+Q 0  NM 1,00000 1.00000 1.00000 1.00000 1400000

* INPUT VARIACLES VU/fJO#T/TO ASSUME PIPO



7401-C-3

7401030b THiOMAS PROFILE TABULATION 33 POIhTS, DELIA AT POINT 33

1 V PT2/P P/Pu TO/TOO N/MO UyUO T/TD RHO/RHOD*U/UD

1 0.00004,00 1.0000*+00 NM 0.94276 0.00000 0.00000 2.40012 0.00000
2 1.90000-04 2.0060"O0u tiM 0.9qq6s 0.40540 0.56800 I.Q6300 0.28935
S @.0000"-04 2.602q9t00 NO 1.00235 0.47377 0.60300 1.86400 o,30908
4 3.0000"-04 2.6434'#00 NN 0.9q687 0.50176 0.67000 1.793t0 0.37577
5 4,.0000-04 3.117?6+00 NM 0.99706 0.53160 0.69800 1.71O00 0.40481
b 5.0000"-04 3.3566"+00 NM 0.99561 0.5S615 0.72000 1.bT700 0.4295q
7 6.0000-04 3.5409**00 NM 0.99363 0.57507 0.73000 l.h3a0I 0.44933
a 6.00000-00 3.8l70600 NM 0o99021 0.60129 0.75700 1,58500 0.47760
9 1.00001-Us 4.082o2400 NM 0,96828 0.62431 0.77500 1.54100 0.50292

10 1.2000"-03 4.27674+00 N4 0.96745 0.64127 0.79000 1.51000 o.sains
21 1.4000"-03 4.4810'*00 NM 0.98681 0.65664 0.80100 1.47900 0.54154
12 1.6000,-03 4.6733"+00 NM 0.99747 0.67406 0.61300 1.45300 0.5595s
13 1.8000*-O3 4.6543**00 NM 0.98856 0.68906 0.82400 1.43000 0.576•2
14 a.00000-03 S.0398%#00 NM 0.99023 0.70370 0.83500 1.40600 0.54304
IS 2.2000*-03 .23970+'08 NM 0.99121 0.71912 0.84600 1.36400 0.61127
16 dl.000"-03 S.45200+00 NM 0.9ql9l 0.73514 0.85700 1.35900 0.63061
17 2.6000"-03 5.61108400 NM 0.9q2S9 0.74697 0.86500 1.34100 0.64504
18 2.60000-03 S.83320#00 NM 0.99436 0.76304 0.67600 1.31280 0.66464
29 3.00000-03 6.014A100 NM 0.99616 0.77620 0.88500 1.30000 0.68077
R0 3.3000*-03 6.35o44'00 NM 0.99839 0.79957 0.9000 1.26700 0.71034
it 3.6000-O0O 6.6a4S"400 NM 1.00194 0.81914 0.91300 .2000 u.73510
Re 3.9000-03 6.9696q*00 NM 1.00445 0.8.043 0.92600 1.21400 0.7627723 o.l0004-03 7.26610400 NM 1,00578 0.85967 0.93700 1.13800 0.78872
20 44.0000-03 7.605ol.0o NM 1.00560 0.80096 0.942840 |.1s500 U.8066
aS 4.80000-03 7.,5334+00 NM 1.00833 0.90229 0.96000 1.11200 0.4806
26 5.2000*-03 6.35400+00 NM 1.00722 0.92613 0.97100 1.099o0 0.84353
J? 5.6000*-03 8.7568•400 NM 1.007?48 0.90978 0.9A200 1.06900 0.91862
28 6.00000-03 q.12034+00 NM 1.00719 0.97036 O.qqlo0 1.04300 0.9501I
29 6.4000"-03 9.3512400 tim 1.00403 0.98327 0.94500 1.02400 0.97160
30 6.8000"-03 q.47.70+00 NM 1.00221 0.99009 0.99700 1.01m00 ,.96323
31 7.2000"-03 9.173SP+00 NM 1.00171 u.99552 0.9900 1.00100 0.99206
3a 1.60000-03 q.63710+00 N" 1.00062 0.99900 1.00000 2.00200 0.998000 33 6.00000-03 9,651o•*00 NM 1.0000 1.00000 2.0oO00 2.00000 1.00000

INPUT VARIADLCS Y#U/UDPTITD ASSUME PuPD

70010317 THOMAS PROfILF TABULATION 44 POINTSo DELTA AT POINT 44

I PTyIP PiPO TO/TOD M/MN Ul/u T/TD RHO/fHOD*U/UD

1 08.010000 1 0.000+00 NM 0.9915 0.00000 0.00000 3.O630 0.00000
a l10000-0 4 14.916800 NM 09.945I 0.38175 0507300 2.21300 02'1433
3 2.00000-04 2.89478#00 NM 0.95762 0.42126 0.61800 .1Q200 0.26727
4 3.0000'-04 3.3171'+00 NM 0.96110 0.05706 5.,5700 2.01900 0.31909
5 4.0000-04 3.73153100 NM 0.9632 0.491223 0.69000 1.97300 0634971
6 5.0000"-0# 4.0610+00 NM 0.96534 0.51663 0.71400 1.92000 0,37386
7 6.0000'-00 4.3366"+00 NM 0.96661 0.5556 0.73100 1.66300 0.39236
* 0.0000'-04 4.7?13O00 NM 0.96791 0,56384 0.75500 1.79300 0.421049 1.00000-03 S.00400#00 NM 0,q6792 0.58666 0.77300 1.73600 0.44528

20 1.9000'-03 5041.00+00 NM 0.96+|7 0.60710 0.78900 1.66800 0.46741
22 1.4000001 S.?1636+00 NM 0.97066 0.62570 0.80300 1.64708 0.48755
12 1.60000"-03 %.M7•l00 NM 0.97280 0.64093 0.81400 1.61300 0.50465
13 1.0000.-03 6.19S60#O0 NM 0&97231 0.65391 0.8?300 1.58400 0.51957
14 2.0000"-03 6.46490+00 NM 0.97401 0,66924 0.83400 1.S5300 0.53703
25 a.2000o-03 6.70990*00 NM 0.97527 0.68207 0.84300 1.5240o 0.45315
26 2.4000"-03 6.q4902200 NM 0.97563 0.69553 0.86100 1.49|00 0.S6047
17 l.60004-01 7.1098+40 NM 0.97654 0,70647 0.85800 1.47S00 0.58169
Is 9.S0000-03 7.33160+00 NM 0.97700 0.71265 0.86400 1.05560 0.59361

19 3.0000*-03 7.40|A*+00 NM 0.91797 0.72417 0.66900 1.44000 0.60307
20 3,)000-03 7.73230+00 NM 0.979S8 0.73700 0.67700 1.41600 0.61935
at 3060000-03 4.0180#900 NM 0.97966 075I246 0.68500 1.36700 0.63807
la 3.9000*-03 6.l6?0"900 NM 0.98057 0.76376 0.09200 1.36400 0.6%396
a3 4.1000"-03 1.51S70#00 NM 0.98107 0.77604 0.49900 1.30200 0.66990
24 #.$0000-01 1.6108'00 NM 0090301 0.79004 0.90700 1.31000 0.88816
as 4.80000-03 9.0575*00 NM 0.90434 0,80162 .0.1300 1.lq700 0.70393
26 s.J000'-03 9.29940#00 NM 0.09450 0.61a9z 0.92900 1.27600 0.71909
a7 5.6000"-03 9.43940+00 NM 0.91700 0.82647 0.92700 1.15200 0.74042
as 6.0000'-0 9.9010so00 NM 0.96643 0.60023 0.93300 1.23300 0.75669
19 6.40001-04 1.0116'÷00 NM 0.99012 0.06419 0.94000 1.11100 0.7761a
30 6.0000'-01 1.05310001 NM 0.9qOl? 0.0674) 0.94600 1.18800 0479630
31 7.20004-03 .006334#01 NM 0.49104 0,8086 0.9$100 1.21800 0.81507
32 1.6000*-03 1.10710&02 NM 0.99300 0.1925 O.qsO00 2.15300 0.83001
33 6.0000'-03 1.14010#01 NM 0.99487 0.90471 0.06300 1.13300 0.0499634 0.50001-01 1.11h06#01 NM 0.9955s 092110 0.97000 2.10900 O.07466
35 9.0000-03 1.21370*01 NM 0.99S32 0.93474 0.97500 1.06800 0,9614
36 9.5000".01 1.14790401 NM 0.9q736 0.94637 0.90100 1.07000 0.9168a
37 1.0000*-01 1.l289*0+6 NM 0.9o616 0.96131 0.90600 1.05900 0.93726
so 1.0500"-01 1.30440#01 NM 0.I9062 0.97216 0.09000 1.03700 0.95468
39 1.10001-02 1.330+ 0 Nm 0.990os 0.98034 0.99300 1.06400 0.9676440 1.1500-04 1.3430401 NM 0.99015 0.9676a 0.99500 1.01200 0.98030
01 1.10000-01 1.1675"'s0 NM 0.99750 0.99A52 0.99700 1.00500 0099204
04 l.lS00*0l 1.3715',01 NM 0.90041 0.90601 0.49900 1.00400 0.99402
41 1.3000"-0l 2.3794*0+0 NM 0090665 0.99900 0.99900 1.00000 0.99900

04 1.31001-041 1.01G1"01 NM 1.00000 1.00000 1.00000 1.00080 1.00000

INPUT VARIAILES YU/UODT/TO ASSUME PvPO
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M :.6 - 4.5 (6 values) 7402
R THETA X 10-3 : 5 - 30

TW/TR : 1
PG- AW•

Continuous wind tunnel with flexible nozzle. W - 0.91, H - 1.22 m.
0.06 < P0 < 0.88 MN/mr2. TO : 315 K. Air: Dew point 243 K. 6 < RE/m X 10'6 < 30.

MABEY 0.G., MEIER H.U. and SAWYEP W.G. 1974. Experimental and theoretical studies of the boundary layer

on a flat plate at Mach numbers from 2,5 to 4.5, RIAE TR 74127,
And Mabey D.G. private communications, Hastings & Sawyer - CAT 7006, Mahey et al. (1971), Mabey & Sawyer

(1974).

I The test boundary layer was formed on a flat plate 1.65 m long and 0,889 m wide. It was mounted on the
tunnel centre line with a gap of 13 mm on each side between the plate and the tunnel wall. The leading edge
(X • 0) was chamfered at 100 with a 0.25 mn rnose thickness. Twenty two removable instrument plugs
(diameter 41,3 me) were arranged in five longitudinal rows in the central 127 mn of the plate, which was
a modification of that used by Hastings & Sawyer (CAT 7006), An attempt was made to minimize heat transfer
by providing layers of heat insulation on the back surface of the plate and between the plate and its support,
Surface roughness was within 0,64 M except for the transition strip from X - 2.54 to 5.08 me where

3 Ballotini (small qlass spheres) of 0,28 me diameter were distributed sparsely, All measurements were made
in fully turbulent flow. The transition position was derived from surface hot-film measurements,

2 A comprehensive proqramee of improvements to the tunnel (f4abey & Sawyer 1974) had reduced total temperature
fluctuations in the working section to about 0.1 %, and Mach number variations along the plate to about 0.3 %.
The spanwise total temperature distribution across the empty tunnel in the plane of the plate was found to

6 be steady and uniform within t 0,5 K, There was evidence of flow convergence towards the centre line, This
was very slight but nevertheless its contribution to the momentuN% euuation was up to 14 % at M • 4.

6 Twenty one static pressure tappings of 1 me diameter were distributed over the whole plate surface. Surface
temperatures were measured using chromel-alumel surface thermocouples, The results agreed well with those
derived from the cold resistance of platinum surface hot films installed to detect the beginning and end
of transition. Wall shear stress was found using two Kistler type 322 m 102 balances with an element diameter
of 9,75 mm. Of the four FEB available, only two were used for the results presonted here. These two gave
consistent and repeatable readings to within 1 % at the higher stress levels (Maboy & Gaudet, 1975).

7 The profiles were measured with a combined Pitot and TO probe (Maler 1969). The principle an which this
operates is described in CAT 7003. For the probe used here, d1 . 0.61, d2 - 0,53, 1 a 20 mm. The first
13 mm of the probe were inclined downwards towards the surface at 30 22', and this portion was tapered
so that at the back end d, a 1.2 mm. The probe support was circular (d - 2 mm) and passed through the
surface of the instrumnt plug.

8 All the measurements were made on one row of plugs, on the centre line. The 'profile normals wart at
X m 0.368, 0.623, 0.876, 1,130 and 1.384 m. The balance centres were 1k mm downstream of the profile normals,

9 No correction has been made to the CF values to allow for the small systematic x difference, as the appropriate
10 adjustments would have been very much smaller than the likely error of the balance measurements, A probe

displacement correction was applied by addltog y w 0.16 d1 tn all ordinates.

12 The data were received as a private comeunication before the catalogue project cam In to existence. The
profiles are given In great detail - about 60 points each. The experimental scatter was very small, su at
that time punched cards were prepared, as a general rule, only for every other data point. To save labour,
the editors hive ch le guse the existing card-deck, so that only about half the data-points are presented.

13 Some profIles)w6ch were ndt Included in the original card-deck have been punched in full. The 72 profiles
presented fore 18 sets of up to five successive stations. For each of six NaMh numbers, three different
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values of unit Reynolds number are given. There Is additionally (0100) one odd profile at a specially low
unit Reynolds number providing a check on low Reynolds number effects. The authors present an additional
19 profiles whic., were influenced by flow from the gap between the tunnel wall and the side of the plate.

This effect was eliminated by the addition of fences on the plate, and only those runs with the fences
14 are presented here. The CF value is the authors', obtained by interpolation on the basis of unit Reynolds

number.

§ DATA 7402 0100-1805. NX up to 5. PT2 and TO profiles taken with the same probe. CF obtained separately with

FEB.

15 Editors' comments

The teste described here provide a very large pool of very carefully observed basic flat plate data.
In the earlier tests by Hastings Sawyer - CAT 7006, en enthalpy deficit was observed In the boundary
layer. In these later tests, special efforts were made to eliminate the possibility of heat-transfer.
Nevertheless, an enthalpy deficit was still observed. This h.s been ascribed to various possible Instrumental
effects, but represents a minor departure from the first law of thermodynamics as compared to many other
expo.iments, Some further measurements have been made using an ECP for the TO profile (private communication).
The apparent enthalpy deficit is reduced but not eliminated.*

The profiles were originally described in very fins detail (see § 12 above) and conform in most respects
to the behaviour expected of a ZPG layer. On a transformed %.all-law plot, series 16 appears non-chArecter-
Istic, showing a "hump In the innenmost part of the log-law region, Some slight disturbance is also
visible in 1301/03/05 and 1001.

The comment above is in no way intended to be adverse, and these must be regarded, for the present, as
the basic source for adiabatic flat plate data in this range of Mach and Reynolds number.

*Note added in proof: These studies are described, together with the original experiment, by Mabey and
Sawyer (1V76) A RKAM4 37.84.

1b

,* iI



7402-B-1

CAT 7402 rI-ABEY BOUNDARY CONDITIONS ANjD EVALUAT1eD DATA. S1 UN173.

RUN MD TW /Tft Rtj CF H1~2 It I2K pm PI
XPD Pi*1/PD* RE02C1 CO M32 i32K rIWO TD

RZ TOD* S il * Da Pill M42 D2M Ur) 7OO

7
40071un 2.4701 1.0069 3.51408+03 1.8AWO003 3.8319 1.3eig 3.q108i*+3 3.90d0l~03

8.7b00"-01 b.ST1'3"404 1.0000 6.5621-+03 NM l.79l' %.T75b 2.4l52b*+02 1.00)U7"402
INFINIIIE 3.1lf00'0f2 '1.6000 1.1261"-03 0.0000".00) 0.1169 l.55b0"-lj3 5.66104-02 2.9322'+02

*7'1020101 2.4929 1.0133 3.09866,03 1.0500*-03 3.9413 101457 7.b903*1)3 7.69o3*+03
3.6900*-Ol I.2995'.05 1.0000 S.88850#03 NM 1.192S 1.77U~ ý.95060+02 1.37?77'02
INFINITE 3.0900-102 U.0000 '1.9?7*.04 0.O0000'+O0 0.1268 flb.0061-vO ý.dbb6+02 2.9119.+02

*7m02olq? 2.il920 1,0050 'l.66,68"+03 1.7200".03 3.9023 1.3855 7.6339",o3 1.6339"+o3
b.2300"-0i 1:26820#05 1.0000 8.130670+03 NM 1.60215 1.7887 2.9265*402 1.3782*402
INFINITE 3.4900"102 0.0000) 7.l932*-04 O.0000".+O 0.10'l' 1.02611"-0 1.8657"402 2.9120"+02

74PaOlQ3 2.4816 1.4ol5 O,.0672*,03 1.64200".03 3.9177 1.3445 7.7526ou3 7.7526"t03
O.7600"-Ql 1.26721+05 1.0000 1.1370*.04 NM 1.8121 1.79G? 2.9265"+u2 1.1891"+U2

*INFINTIE 3.10001*02 6.0000 q.6706*-04 0.00001+Ufl 0.0700 1.32'I8"-03 5.8642'+02 2.9a2.e.ua0

74020201 P.49017 Ilooso 3.
4
386b*103 1.1200*-Ol 41.0047 1.403? 1.0170"+04 1.01701+04

3.b81O"-01 1.72340+0I 1.0000 7.44230+03 NO 1.80ia 1.7$ou ie.9265%+02 1.37#66+02
INFINITE 1.09000+02 0.0000 0.7389*-04 9.0000"+00 0.1012 6).5317"-U4 b.86$SI'02 2.0l116'02

1002U202 2.4900 1.0017 5.O049"~03 l.b4000-O 3.4029 1.3944 1.U010'o'04 1.0140+0.0I
6.23001-01 t.7Os7's05 1.0000 l.11794+04 NMl 1.8067 1.7887 k.9204+503 1.M~90+02
INFINITE 3.100O0"+2 0.0000 7.2010"-04 0.0000"+00 0.1072 9.6518"-04 S.673I.+02 2.92190+02

740202us 2.4939 1.0081 7.8037*+03 1.62001-93 3.9154 1.3490 1.1)195*+104 1.019SO+04
W.bW-O- 1.72550+05 1.0000 l.4861*+04 NM 1.8149 1.0013 2.926540U2 1.1726"+02
INFINOIL 3.0300"+02 0.0000 q4.037*.0' 0.0000"+00 0.083b I.MWj0-(jl So.858"402 2.9024"+02

740203ol 2.4957 1.0043 4,.7735"+03 1.b700"~.03 4.0646 1.4030 1.2656"U04 1.26W+~o04
1.66000-01 2.1o790+AS 1.0000 4.05040+03 NM 1.8036, 1.7851 a.92054.02 1.37150#02
INFINITE 3.0500"+02 0.0000 4.60520-04 0.0000"+400 0.Q002 b.3703*'0j S.8bb01'.02 2,90236+02

70020302 2.0970 1.0019 7.2433'+03 1.bnOO'03 3.91?2 1.3900 1.27530+04 l.2153*,04
6.2100".01 2.71.5 1.0000 1.3662*400 NM 1.8070 1.7926 219265"+02 1.3794"tO2
INPIN~tr 3.1000"402 0.OO00 6.0448"-04 0.00000+00 0.1079 9.4994*-v4 5,8804"+02 2.4211*.u2

74003001 2.5091 1.U019 4.0940+t03 1.N600'.03 3.0610 1.3406 1.2589"+04 3.049'0+0
8.7b00"-ol 2.Il1'P+0'3 1.0000 l.7172*+04 NM 1.8172 1.8044 2.92W5+02 1.i17/7m02
INFINTIE 3.10001+02 01.0000 6.6247"-64 U.0000.40() 0.1019 1.196S"-413 5.8637*4U2 2.9209*+U?

7402ooool 2.7820 1.0012 3.fq751g03 1.6330*03 4.5214 1.3989 S.560h"*03 5.561)60+03
6.2300-01 1.46410+05 lAIO00 *.1563'4ol NM 1.d019 1.7#03 il.9265".I 1Ia,05"*V2
IlIFI141L 3.12001+02 0.0000 7.2014'I-04 0.00004+00 0.1212 l.0UP3-403 6.1724"+02 2.92R2Q"02

7400a1)00 2.7876 O.Qqbl 5.0023"+03 1.54000..03 'l.01ja03 1.349? S.S07b'03 5.I010+0U3
8,7h0o0-01 1.46661+05 t.0000 1.05211+04 NM t.8114 1.7959 L).92690+02 119ahs"+OR
INFINIOf S.13000+02 0.0000 9.38444-04 0.000040+. 0.1116 1.3sg2"-03 6.1871*+02 2.9319,402

7404o50)1 2.7933 1.fl0117 3.?220'0.03 1.6600"-Ol 4.692S 1.4040 7.25030+0 7,2803"+u3
3.0900".Q1 l.4556,"0S 1.01000 6.01334+03 NH 1.8039 1.7054 ý12450+~0? 1.21464+02
INFONITE 1.11W0402 0.0000 0.S432*-04 0.0001)400 0.1295 6.66bOO"-v4 6.17W#'02 2,41290+02

74020215? 2.7688 l.f0000 0,9)58"*(1j 1.5300*-US 0.5118 1.3957 7,3S05"+(13 7.3%IS"#03
6.2300".01 1.9596*tS 1.O0040 1.0374",64 Nm 1.605a 1.7877 2.9"S"'02 1.2?110*02
I,4fThiIO 3.1200*.02 0.0000 6.9956"-04 0.9Q0004+00 0.129ti 1.0053"-03 6.1779"#Q? 2.920110+0

2

7oO2o0ol ?.7915 0.9982 6.4362"+03 1.4l8001-43 4.4999 1.3491 7.3109N*03 7.31'1)"#113
3.76V001't1 1.9595"+05 1.0000 1.3559"+nJ NM 1.812L 1,7974 0i.92W+~02 1.2234'+02

INFINITE 3.1300"#022 0 .0000 9.0707".04I 0.0000,400 0.1063 1.3096*-03 6.190%i"+02 2.4317"+02

SO90*601 P.7083 1.0079 S.4257"tS0 I.S900'-03 4.6837 1.'l001 9.1020"403 9.10201.u0
3.6S006-01 2.4413"t'OS 1.0000 8.3470,03 NM 1.6000 1.7069 a.9265'0o2 1.911a"02
INFINITE 3.1000"+M2 0.00001 4.4230"-414 0.0000"+flil 0.0950 6.4739-U04 6.1615"402 2.9040bt02

7402061)2 2.7895 1.0046 6.084b",03 1.4600"-03 4.36tto 1.3612 9.2160"+03 9.216.01+0
6.1700'.U1 2.46b24"+05 1.0000 I,?6S"oOO NM 140125 1.7953 d.9265,0*R 1.2165K#02
INFINiTt 3.1100"#02 0.0000 6.791?0-f04 0.0000"4100 0.1734 4.?532*-Q4 6.1692*402 2.913140+0

10020601 20793a 0.9983 7.0129*+03 1.4300N-ul 4.417b 1.341b 9.U?93'+03 9.0?93m#03
6.7600.01t a.4365"#05 1.0000 1.6070N+TO NM 1.6291 1.41032 Lp.9a6so+02 I.222%*02a
INFINITE 3.1300P#02 0.0000 S.0626*-t0 9.90000'+00 0.1202 1.27011'-03 6.1920"+02 2.9316"+U2
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CAT 700iR MASEY BOUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD * TW/TR RE02W CF *HI2 HIlK PM PD
X Poo PW,'PD* REM2 co H32 H32K 7N' TD
Az TOO* Sw * 02 Pt2 M42 OlK UD T

70020701 2.99*22 1.0026 2.37370+03 1.6600*-03 0.9490 1.4170 4.51530+03 4.S953"+03
3.66000-01 l.66410+05 1.0000 5.43140+03 NM 1.6060 1.7866 2.91990+02 1.118040+0
INFINITE 3.120040+0 0.0000 4.74090-04 0.000O0+00 0.1604 7.L723"-04 6.3434*+02 2.9116"+02

74020702 2.9663 1.0047 3.5o60~*03 I.510O"-03 0.9060 1.3763 4l.63481+03 4.6388.0#0
6.23000-01 1.66930+05 1.0000 6411246+03 NM 1.6097 1.7919 2.9165.0+0 1.1173"+02
INFINITE 3.tIOQ"+OI 0.6000 7.02114-04 0.00004+00 0.1451 1.0624,-03 6.3168*+Oa 2.9024'+02

7*010703 21,9a7 0.9943 4.14000+03 1.406040.-O 4.8943 1.3646 4.62864+03 4.6286N+03
4.7600"-Ot 1.6641*405 1.0000 1,01630+04 NM 1.0113 1.7917 2.9100*+02 IARGOaasQ
INFINITE 3.14000+02 0.0000 9.0093*-00 0.lf000'N'0 0.1'413 1.3666'-03 6.3568'+02 2,9308K#02

7402004o 2,9193 1.0056 6.13290+03 1.0100*-03 4.6699 1.3S46 4.90081+03 4.90080+03
1.1300"*00 1.69140+05 1.0000 1.3901"+04 NM 1.8062 1.7870 2.91154+'02 1.11670+041
INFINITE ý61000,+Oa 0.0000 1.3b32-03 0.00004+00 0.1202 1.7666'-03 6.2979~*+0 2.8940+~02

740801001 a.99%9 1.0009 2.9995N+03 I.5700*-03 5.02q4 1.4339 6.11494#03 6.11490+03
3.68000'-01 1.23240*05 1.0000 6.59440+03 NM 1.8079 1.7M~ i?.9195m+01 4.1t27,#U2

*INFINITE 3.1100*+02 0.0000 0.48SP-04 0.00000+00 0.1429 6.6302"-04 6.3361N+02 2.9023"+02

*74010602 2.9930 1.0048 6.50'J0O*03 l.4700*-03 4.9106 1.3834 6.1020+403 6.15260#03
6.23000-01 a.1406o05O 1.0000 1.033SN+04 NM t.8113 1.79a0 it.91s5N#02lo1.1150e02
INFINITE 3.11OOW+0l 0.0000 6.66131-04 0.00000400 0.3517 1.01091-03 6.33240#01 2.oo2S.O+0

74001003 2.9569 0.9975 S.10210+03 1.38001-03 4.9115 1.3446 6.aa791+03 6.9279*4V3
S.76000-01 2.2A318#05 1.0000 1.341SN+00 NM l,6166 10800b 9,9100',UI l1l0242*00
INFINITE 3.13000+02 0.0000 6.7236m-040 .00000#90 0.329 1.3l0SR-03 6.3496'*0l 2.92109,02

74001050 2.9702 1.002? 7.52061+03 1.37000-03 0.531S 1.3306 6.349d4003 6.3494"#03
1.13000.00 2.23024#0 1.0000 1.7071N+04 NP 1.5159 1.7963 2.91150#02 1.1250O*Ul
INFINITE 3.11001+02 0.0000 1.0960~-03 0.00001+00 0.13?4 1.b411"-03 6.316S"+02 2.9Q36*40l

74020903 2.9962 1.0092 3.S1670#03 1.4900"-93 S.17*1 1,4466 7.S7640103 7.576990,3
3.boo0m-ol 2.77640#0S 1.0000 8.12010e03 NM 1#8964 1.7663 2.91950#U2 1.1060*+Oa

*INFINITE S.1000.0+0 0.0000 4.2331'-04 0.OO0O
T
0+00 0.1035 6.49400-04 6.1276*+0l 2.89281402

*74000901 2.0993 1.0061 5.3560*+03 1.2010m-03 4.972) 1.3936 7.6076*403 7.6076,193
6.230P-01 2.77074+05 1.0000 1.231140+04 NMA 1.8109 1.7911 2.9165'#02 191499wiQ2
INFINITE 3.1000.0#0 0.0000 6.4278".f0 0.0000"#U0 0036b q.7o05*.00 6.1207*401 2.6q30*4ol

74000901 1.0990 0.997% T.119&'.03 1.3500'.03 1.6716 1.364S ?.66407,03 7.6640+0.3
407600"-Ol 2.7777'#05 1.0000 1.64604004 NM 1.01331 1.7900 a.9140102U 1,11l20402
INFINITE 3.1300"tO1 0.0000 0.6632*-04 060000,400 0.1514 1.3015*-US 6.35270#0?2a.92120+02

740010900 2.9731 1.0035 9.1120~*03 1.3400'-03 4,7b70 1.3233 7.46360#03 T..66S61*03
1.13000+00 l.78630,05 1.0000 2.0706'*D0 NM 1.0214 1.5053 R.9115'02 1.143664U2
INFINITE 3.11000+02 0.0000 1.06790-03 0.0000"op 0.M52 1.56l3"-Ul 6.11860+02 2.90304*02

?40021001 3.4016 1.0090 a.2783'+03 1.4760"-03 6.1571, 1.4111 3.47090+01 3470900,U3
3.16600-0I 2.8611"#05 1.0000 6.34150+03 NIA t.8140 3.7975 2.9260ov+0l 9.1361-+01
IN'I NITE 1.1300*902 0.0000 0.?043'-0 0 .0t600"*00 '.37' 1.002e'.udI 6.bM5*.02 2.a9930+402

74001001 3.0917 1.0012 3.3643,03 1.3000'*-03 6,1663 1.392S 3.43J6*+u3 3.8338.403
6.23004-01 2.6896"405 1.0000 q.15741+03 Ni 1.613 1.7484 2.92351+02 9.1921'4Ut
INFINITE 1.1400,0#4 0.0000 6.14401-64 0.0000*~00 0.1746 6.~?-i .6931..02 2.90641+02

40013003 3.4974 0.4994 0.3716'403 1.19',W.03 5.7406 3.2839 3.7?044+03 3.7?00"*u3

,.76000-01 2.8651640s 1.0000 1.20710404 NM 1.6301 1.0116 9.1190.0+1 9.140I4#0l
INFINITE 3.17004+02 0.0000 0.l6400-00 0.00000+00 0.1279 1.3237*.03 ..12516.021 .93600+02

74001000 3.00666 0.#9940 5.46761+03 l.1300"-03 5.90AO 1.S306 3.460*0+3 3.662a4+03
A.13000+00 l.6907*405 1.0000 I.S109.0+0 NM I.62to4 1.797o d.91%0,0+0 9.1711401O
INFINITE 3.15000+02 0.0000 1.00790-03 0.00040+00 0.1019 1.6699"-Q$ 6.b991",01 2.9IP6**02

74001101 3.4667 t.0067 l.77031#03 l.3q900-03 6.1831 1.4420 0,42tob*3 11.82100+03
3.6800.0-0 3.60861"05 1.0000 7.69901+03 NK 1.6122 1.7667 9.92604+02 9.11U?"401
INFINITE 3.IOO00eOM 0.0000 4.1035.4*04 0.00000+00 0.1900 6.9082*-04 b.b6734+02 l.9066W+01

74021102 3,4955 1.001* 4.00al0,03 1.l*4000-03 6.1994 1.31?1 0.59'o .736*~0+0
6.2300*.01 3.60SI*405 1.0000 1.1150*+04 NM .6#167 1.7931 2.9231"+02 9.115l'*o1
INFINITE 3.14000*02 0.0000 S097610-04 0.00000+00 0.1642 1.00586-03 6o6922H+Ol 2,90413*402

7#001110 3.1012 0.9970 5.2031"01 1.1300*-03 6.0336 1.3061 4 70,53:+03 4.7053"+03
W.6000-01 3.5950.05S 1.0000 1.0419~*04 NM l.6110 1.80046 2.91qo02'0 9.l5S1401e0
INFINITE 3.1600.0~l 0.0000 7.,6906-04 o.0000".00 0.1907 1.2972b-03 6.?1714+02 a.91661+01v

740011104 3,0907 3.0051 6.5381,e03 l.1900*-03 6.0056 1.3369 4.4039*,03 4.50340+03
1.10000+0 3.61590+05 1.40000 1.S19040+4 NM 1.4224 1.7999 2.9130.0+0 9.lQ684+01
INFINITE 3.1300002 0.0000 4.65180-fl4 0.00000+00 0.1667 l.97-36.076940+0 2.61929+oa



7401-B-3

CAT 7401 rIAIIY BOUNDARY CONDITIONS AtiD EVALUATED DATA. 31 UNITS.

RUN MD * TW/TO RE02WM CF H12 4412K PM PD
X POD PVI/PD* RE0Do CG H32 4132K TW* TD

? OD* 540 * 02 PIZ H4ll 02K UD TR

71402i?oi 3.A0606 1.0067 10Po60+03 1.3500"-03 6.2751 I.'1160 %.61'403 5.61814Pq03
3.o6ufl".0I I.3617*405 1.0000 8.41751#03 NM 4.S409 1.7926 1.9280"+0J2 9.1~4dtg1Q
INFtNl[ 3.l1400"i02 0.0000 30Q3061-014 0.0000.400 0.46014 0j.6248"-014 0.0685"+02 R.11(614+02

714021?o2 3.'4978 l.ooGS 14.73150+03 1.2s00"-ul 6.1010 1.3660 5.7027~*u3 5.1027"+o3
6.30"O 4.30"6 1 IDO .3238*+0J4 NM 1.01914 1.79014 2.4235"+02 9,00I~64+u1

ININTE I.SO"*2 .000S.710-4 .0oooo0* 0.1922 9.80149-014 6.66200+02 2.19419*0+2

14021203 3.S029 n.49714 6.2503*+03 1.1400~-03 6.0302 1.3721 S.bb2Ile.Ul S.0620+01

o. 7600"-01 14.3364*+05 14.000 1.7j3330+04 NM 1.5188 1.7929 2.91904+02 4.14864+01
1,0P111tI 3.1600"4t? 0.0OnU 7.8269"-04 U.0400P"+uO 0.2048 1.301b"-u3 6.71760*02 2.926SN+O2

714021?04 3.14962 1.1)023 7.bns9*+nl3 1.1,00".03 5.9227 1.335~o Si.7174?+93 5.7A474+03
1.1300"000 4.3333'*040 1.0000 2.11S3"0+04 WI 14.260 1.8032 P.91500#02l 9.1135~tol
INFIN!IR 3.1400*402 0.4000 9.11314"fl04 0.00000+00 O.zuqa 1.541o1-03 o.69261+02 2.90642"+00

3.t6500"-ol 3.6954,4.05 1.0000 S.71411#~03 NM 1.8267 1.7976 2.9.140"*02 7.533064Ut

INFINITE 3.1600"+02 0.0000 3.9279'-014 0.0M0D400 0.27,13 7.0393".014 6.953"+14t2 2.90970+02

714021%u? 3.4853 t.0036 2.Sb024+03 I.2600"-03 1.337a 1.3520 ?.146304+03 2.4835*o03

6*.a3l)(1001 3.69S00sl)5 1.0000 6.56D00.03 NM 1.6264 1.6QU46 2.925".02 7.5661".ut
INFINITE S1600"4402 0.0900 5.01402.014 U.0noft~fo.0 o.1231 1.0030".03 6.95041~4(I2 a.ql100"?

6.60-1 3.6638"oO'h 1.0000 I.M913"0'44 NM 1.8190 4.M121 J1.9090"012 I.b73'4'+01

INFINIT 34.O"G 0000 7.5928"-40 QMM obo 0.62344 1.391493 U:9719*0*2 a.19255"+02

714021$016 S.9860 4.9016 3.16071*fl3 1.1200'-03 7.25275 1.3451 a.47090+03 2.0709"0#0

IrdFINTII 1.1100'+02 0.0000 95.01&l-014 060000"+00o0.1373 1.7510"-03 6.9u19".0l 2.90U44+02
740IL30% ~ ~ ~ ~ ~ ~ .314 3.068 0937".90,03 1.070337.98 .1g 2S58+32%b"+03

1.7600"to1 34.56638*05 1.0000 l.S'403"014 NM 465 1.8290 1.1,0l .9090t40 7.73440#01"0
INFI4IT 3.100+02n.000 .105"-3 0000*40 O.J95 1.4959"-03 b.996?'+02 2.9566"+,02

7140201400 3.9671 0.9911 2.0929"+03 1.31100"..03 7,3909 1.4069 3.0175'0#0 3.0S114stQ
I.65000.01 4.36025005 t.0000 7.67114"401 NM 1.8246 1.799S 1.94040"02 7.4o9u3Nll
IN~iNI1t 3.1500**02 0.0000 3909004-Ag1 0.00000+00 0.11177 %12W9-04 6.9469"402 a.9l003'$0?

7140211403 3.9710 1.7169 '3.9837",03 1.01600"-03 7.1277 1.31614 1.0709H+U3 3.1Vj1w+U3
6.23S0"000 14.39793+OS 1.0000 1.0168"40+04 NM 1.6239 1.7996 2.9240SN+02 ?.S966"#O1
INFINITE 3.16000+.02 0.0000 S.0879"-03 0.00OO"*oU 0.2307 1.0905"-03 6.969100l 2,994110#02

?40114302 .88 0.08 .9917 4.04081+03 1.1200"-03 7.53149 1.3404 34.0537N+03 1.05937N+03
8.7601".01 4.6.1431"05 t.0000 1.34603+030 NM 1.62S3 1.7619 d.931090mu2 7.1471m9*40
INFINITE 1.1400"#02 0.0000 7.m9210-04 0.0000~0600 0.M19 1.91491-011 6.91491"+0 2.9041'402

714021440 3.9571 0.00*9 14.0773"*03 1.0700'-03 7.14930 1.53871 l4.2146"+u3 14.05481#03
1.1sv('"-0I 4.6.100#0f5 1.0000 1.67,?4#014 NM lo.6166 1.7967 2.69650+2 7.56990"401
INFINITE 3.1500"*02 0.0000 q.2541m-014 IJ.0000"44J0 0.2471 1.6901".01 6.95114402 2.9003401p

714011303 3.9946 0.9789 5.9837w#03 1.0300*.03 7.2231 1.31414 3.1210+003 14LRIN0",3
1.h040.0+0 4.5793"#05 1.0000 1.9613l*+Oq NM 4.6260 1.41947 2.81%00+402 7.341440tut
INFINITE 3.1600"00l0 0.0000 7..1434'-014 0.0000,400 0.23079 1.91780-0 t.98920+02 1.9420+1"u

714021301 4.006 .954 1.0117.O 1.19000-03 ?.554%4 1.381* 4.2o19930+3 '4.21993003
3.6600o.01 6.141R09OS0 1.0000 q.46130+.03 NM 1604161 4.410144 a.9340"+02 1.34749"401
INFINITE M.1600f.2 0.0000 S.7498*-014 9.00000+00 0.2299 6.941"-04J 6.9493"*442 2.9001040l

1140?1303 1.9960 0.q960 1,6533"+03 L.0900*-03 ?.1309 1.3416 ll.S61000+03 14.336"o0u3

1.13600.00 6.42130900 1.0000 .14630+0404 NMl 1.6313 1.6000 4.09650"*02 7.5442~0+0

INFINITE. 109490#.2 0.0000 I.05140-03 0.o0000'+o0 0.2605 1.50210-03 6.9613*+02 i1.93760+02



7402-3-4

CAT 7404 mAlEY 8OUNDARY CONDITIONS AND EVALUATED DATA. 31 UNITS.

RUN MD,* TW/YR "EnOw Cr * 12 1412K PM PO
x POD PW/PD* REDID CO "l3e M32K tW* TO
RZ TOD* am 02 P12 H142 0225 US) 11

74021601 4.4967 1.6205 I.0792'iC03 1.3700"-03 8.01501 1.42S4 1.6030)+03 1.60364+03
3.5S100P-91 4.6120'#05 1.0000 4.402'*+03 NM 1.6447 1.5092? 2.91571'4-0 b.da~so*OI
INFINITE 3.15004902 0.0000 3.0442*-04 0.0000000O0.3552 5.9010*-1j 7.1247*402 2.6873"+U2

7402160? 4,4695 1.0127 1.74911+03 1.2400"-D3 *.3617 1.394a 1.61061+93 1.4ý154+03
6.23000-01 4.s0322"*5 1.4000 7.2311*+03 NM 1.83215 1.7944 2.10131+*o2 6.26020+01

INIIE 3100#2000 51000 .00000+00 0.44 9.96010-04 7.39+2.5957,?02

7'aoaisos 4.4851 1.0027 2.3a%0~+03 1.15OOO-03 6.40%6 1.3406 l.fpa29%,3 1.68294#03
8 .76400-01 4.61030#05 1.0000 4.21O51+03 NM 1.0632 1.0046 9.9230*+02 6.13064+01
INFINITE 3.16000*02 0.0000 5.6063-04 9.00000+00 0.3149 1.9933*.03 7.1549"+02 2.91510+02

74021604 4,4635 1.0088 3.06980+03 1.0500"-03 6.11812 1.3114 1.6316*+03 1.63160+03
1.11600*00 4.62W*~05 1.0000 1.23310+04 Nm Isaias 1.790? 2.91300+0 6.2741401l
INFINITE 3.1300*#02 0.0000 0.6063*.04 .00OO4#00 0.91915 1.78219-03 7.1206*.02 2.8077'+02

74081501 4.4719 0.9920 3.5%180+03 1.01001-03 5.11780 1.3400 1.6510.#Ul 1.65510.0
1.36400+00 4.6134'0+0 1.0000 1.015516'04 NM 1,0105 1.7955 9.69400+02 6.36SOQSou
INFINITE 3.18001+02 0.0000 4.69101-04 0.00000+00 0.8641 1.97'46'0-o 7.l507*+Dl 2.9154'.02

74081701 A.S009 1.0209 I.S2604403 l.1000*-03 860519 1.3667 1.9051"03 1.99550+03
1 .6600*.01 S.7814"+05 1.0000 6.043140+0 NM 1.6410 1.0124 a.91750#02 6,2315,"ul
INFINITE 3.SOO50002 0.0000 3.514155-04 0.000000+00 0.8960 6.S23qw-04 7.12b5',02 2.667*4,02

74091210 4.496S 1.0210 2.30911"03 1.13000-03 5.0199 1.3451 1.99930,03 1.99931#03
6.76000-01 5.77140+0 1.0000 4.41940+03 NM .e6346 1.5055 209480,09 5.a410'.QI
INFINITE 3.15000,02 0.0000 5.3062"-04 0.0000*+00 0.1282 1.03644-03 7.11531#42 2.8S730002

74021703 4.49S6 1.0026 2.441530+03 1.0600".03 $6.713 1.3486 a.0134R993 2.0130+0Q3
8.76001-01 S:7957440s 1.0000 1.10!5090+0 NM 14605 1.7986

0  
R010:02 6.0900

740117015 4.4676 1.0014 3.43914,03 9.9000'-04 5.5390 1.31548 2.0167T#03 a.01670#03
*1.1300+400 5.74680+05 1.0000 1.11372s0#04 mm 1.6240 1.792% 2,91300492 6.3051"#UI

INFINITE 3.1700~0+2 0.0000 8.73190-04 0.00000.400 0.alS4 1.76630-03 7.1445540#2 2.90590#02

7602170S 4.4793 0.9912 4.31971#03 9.9000"-045 5.1752 1.3210 2.05170#03 2.01570#03
1.161500+00 5.7863"*01 1.0000 1.?145s0*0 NM 1.6336 1.5039 9.69204#02 6.3236'401
INFINITE 3.17006+02 0.0000 9.63610-015 0.00001+0O 0.1260 1.93450"-U3 7.14160#0i 2.906120W

74021501 4.5159 1.02452 P.3096*+03 1.6000"-03 9.35085 1.425 3.11930#03 3.1193.0*0
305600'-0l 9.2l99"oo1 1.0000 9.S222,0Q3 NM 1.6263 1.790'. l.q471*02 6.l605o.u1
INFINITE 3.1400t0#0 0.0000 3.37190-04 0.0000"+00 0.2105 ?.094151-UB 7.lt97*092 2.57770002

74021601 4.11091 1.0251 3.656159.03 9.60000-04 .61525 1.36741 3.163464U3 3.16340+ul
6.13001-01 9.1590*05s 1.0000 1.45935*004 NM 1.6922 1.7907 9.9)SS"402 6.21571401
INFINITE 3.15000002 0.0000 1.16760-04 0.00001+00 0.3153 1.0561.03s 7.l269l+02 2.0700402

74021603 4.10911 1.0029 4.1651's03 9.10001-04 .6.105 1.32490 3.16031#03 3.16030#03
lo?6001.0I 9.l5S5"#01 1.0000 1.4496"#04 NM 5.113111 1.5060 9.41360'02 5.27%14*0I
INrthiNI 1.160040*0 0.40000 6.6244'-015 0.00000+00 0.2941 ?5.3207-U3 7.1627*+02 a.9106+02

74021504 4.1003 1.0057 S.03111+03 9.1000*-04 6.456a 1.3236 3.193118#u3 3.I63S*9u3
1.15000+00 9.216940#0 1.0000 2.3529+04 NM 5.6373 1.So012 201342+42 6.l5600+01
INFINIlt 3.16000#02 0.0000 6.34660-04 0.00oo'+0O 0.3304 I.W196-03 7.11724+02 2.96940#02

74021601 4.4925 0.96290 6.013t*+03 6.40000-015 6.5307 1.2653 3.23149,@3 3.a1398+03
1.3640400 9,2698"#05 1,0000 2.6637*.04 NM 1.6403 1.8653 2.59l0c"02 6.3701640+0
INFINITE 3.1100.0#0 0.60000 9.65610-04 0.00000+00 0.2530 1.89471-03 7.19104+u2 2.94W#402

FO#1POD CALCULATED WITH AUTHOR'$ MUff-LAN FROM A902#02 (AUTHOR)



7402-0- I

74021801 MANCY PROFILE TABULATIO1 '1 PflINTS, DELTA AT POINT '1

I v PTa/P P/PO TO/TOD M/MD U/UD T/10 RHO/RHOD*U/UD

I O.O00O"too 1.OOOOt0o NM 0.94043 0.00000 0.00000 4.77703 0.00000
2 3.6300"-04 3.4114t4$0 NM 0.94112 0.33198 0.60290 3.29815 V.1800
3 3.8900"-o04 3.5898=t00 UM 0.94056 0.34225 0.61550 3.2341b 0.19031
4 41400l"-04 3.7605"#00 NM 0.939s1 0,35179 0.62650 3.17158 U,19754
5 1.3900*-04 3.9211"*f0 rim 0.93866 0.36051 0.63640 3.116pa 0.20422
6 1.bsO0.'O04 .076S"tOO NM 0.93700 0.36004 0.64560 3.06371 0.21072
7 4.90000-04 40.1964+00 NM 0.93741 0.37615 0.65360 3.019312 0.21647
8 5.16001-04 4.3W62"#00 NM 0.93763 0.382S& 0.66070 2.90210 0.221S3
9 5.4100"-0a 4,4a15"tOO NM 0.93505 u.38932 0.66700 2.93513 0.22721

10 S.66001-04• 1.5999,O0 NM 0.93617 0.39513 0.675S0 2.90529 0.23182
11 S.9100-04 4.71334t00 fNm 0.93574 0.40061 0.67900 a.07274 0.36.36
QI 6.1700"0- .4.27100 NM 0.93O03 0.40501 0.60440 .944•14 0.2064

p 13 6.66000.04 5.00150t00 NM 0.93616 0.41512 0.69370 2.7925• 0.24011
14 ?.I9006-DO 5.20150#00 NM 0.93674 9.42336 0.70190 2.74076 0.2553S
15 7.7000"-04 5.3590'#00 NM 0.93567 0.3043 0.708,0 2.70749 0.26161
16 8.2000"-04 q.soogo090 NM 0.93509 0.43670 0.71380 2.6716S 0.26718
17 0.7100'-04 1,6457400 NM 0.93523 0.44301 0.71960 2,63851 0.17273
to 9.9000"-0Q S.97720*00 NM 0.93766 0.45711 0.71300 2.57136 0,006
19 I.I150"-03 6.2674000 NiM 0.94112 0.16910 0.74460 1S.t991 O.3953
10 I.•51'-03 6.1•4*.00 NM 0.94419 0.45042 0.79510 2.4703* 0.30566
21 1.3790'-03 6.84351*00 NM 0.94760 0.49202 0.76570 2.419 0.31*16
Re 1.5060-03 7.1328"*00 NM 0.94821 0.54313 0.77450 2.3*9*7 0.32604
23 1.63300-03 7.4394*#00 NM 0.95171 0,51449 0.7T440 1.31450 0.33745
14 1.0670'-03 4.07Q0*O0 NM 0.91404 0.51811 0.80810 1.33171 0.36103
25 l.1410*-03 0.7600+'00 NM 0.9S10S 0.56175 0.51440 2.13166 0.30512
26 2.S3900-03 9.40070+00 1M 0.9%533 0.10545 0,03200 2.03347 0.41157
27 2.6490'-03 1.0224"01 NM 0.96*61 0.60917 0.08960 1.91515 0.43676
18 2.9030*-03 k.t0lOt2*9 NM 0.964*1 0.633$5 0.8*350 1.05*39 0.64*60
29 3.1110-03 klebe2"+01 NM 0.9*601 0.6007 O.00*00 1.70039 0.5a]53
30 3.91901-03 .1,370*40I NM 0.97782 0.72741 0.9110 1.57IS9 0.5O024
31 4.41704-03 1.6380+*01 N" 0.96007 0.77740 0.93100 1.43637 0.64072
32 11.9350'03 1.85670+01 NM 0.90201 0.8300S 0.94970 1.30907 0.72854
33 %.9S30*-03 8.04150#I4 NM 0.90681 0.08011 0.96610 1.2049o 0.00177
34 b.0700*-03 1.3412V401 NM 0.9901S 0.93101 0.90140 1.10217 0.09042
35 6.7130*-03 I.S$43*0l NM 0.99915 0.97110 0.99390 1.04731 0.94060
36 7.34000-03 1.6l12201 NM 1.00i09 0.9686• 0.99870 1.01134 0.97793
37 1.96304"03 8.64380+01 NM 1.001M1 0.99434 0.99960 1.01061 0.90910
30 0.61.00-03 1.65680+01 NM 1.00l2 0.99719 1.00010 1.006*0 0.99390
39 9.213o0-03 l.60370+01 NM 1.00174 0.99014 1.00100 1.00573 0.99s19
110 9.6lIl0.-0 1.67l*1601 NM 1.00214 0.99965 1.00100 1.00271 0.99630

0 41 I.010.-Ol 1.67351+01 NM 1.00000 1.00000 1.00000 1.0000Q 10009

INPUT VARIAMLEO VYUUD#RNO/RHOD ASIUME PwPO
ALL MLASURID POINTS



7402-C-2

7402100k MAAIFY PROFILE TABULATION 47 POIN7tS OfLYA All PUINT 47

1 y PI7P& P/po TO/TOO N/mo U/(UP T/ll' RHO/HHOUi.U/UD

1 0 o~~o 1.0041+49o NM 0.951597 0.00000 9.00000 '0.74336 0.00009
2 U3.60300.4 S.0940"e00 tim 0.93442 0.313S6 0.57670 3*.36261 0.27049
3 .1.6000-04 3.149S*40o NIA 0.93402 0.321614 0.54660 3032414i 0.1??0?
4 4.1400*-04 .3.9790+0O N10 0.9330S 0.13170 0.S9q%0 3.24665 0.16353
S 4.3900"-04 3,113184+00 NM 0.91403 0.339S4 0.60,95U 3.12237? 0.14915
6 .4065000-04 30466I'*+0 Nm 0.931,53 0.34709 0.611740 3.1642S 0.19500
? 4.9000"-04 1.6149"+0$ NM 0.93204 0.35531 0.42770 5412079 0420114
a S.16006-04 1.93444400 NM 0.93176 0.38060 0.43si0 3.08138 0.20011
9 3.4100"-04 4.0245-+00 NM 0.93072 0.36676 0.64040 S.05446 0.21007
10 S.6600"-04 4.14494*00 Jim 0,93066 00~72611 0.641?0 3.01245, 0.i1483
It S.9200"-04 4.2254.00o NM 0.93112 0.37642 0.65130 2.9437% 0,217%6
la 6.200"-011 4.10010'00 Nm 0.93117 0.36064 0.64610 2.967941 O.2220.
11 6.6000"-04 4.47S5*000 NM 0.q31100 0.18978 0.66540 2091601 0.21826
14 ?.14000-04 4.4240.900 NM 0.93112 0.39492 0.67110 1715 0.23406
Is 7.70000-04 4.7510#'00 14M 0.93172 0.40305 0.474410 R.64301 0.23904
24 0.2000*-OS *.05650*00 NM 0.q3109 0.40621 00664150, 2.61266 0944336
1? *.7100*-04 4694"21-+0 fJMo 009309a 0.41426 0.49050o 8.77027 0.2116154
Is 9.9660'0*6 9.22931*00 NM 0.93100 0041517 0.70120 2.71660 9.211741
19 1.121100-03 114339*410 NM 00933110 0.43442 0.70060 11.67171 0.24551
20 1.1252i-Os 1.6319N+60 NM 0.93444 0.4432? 0.70440 2.6375o 0.27294
22 1.3790*.03 1.11460"$00 NM 0.91712 0.41203 0.72600 a.59371 0.28607
It 21,060*-Ol 6,0440.00 NM 0.9$943 0.46040 0.73640 2.S%346 0.2001111
23 11.6310'-03 ll.a444,00 Nk 0.9391511 0.44640 0.74340 2.503%7 0.29575
14 1.11106010 4.640yw,00 NM 0.1113111 0.48,566 0.7$660 2,44116 0.31004
its 2414100-03 7.08S46+00 NM 0.91511117 0.50210 0.77610 8.36961 0.32479
24 1.3910'03 7.111170+00 NM 0.915,516 0.51806 0.76810I 2.3140S 0.34057
27 2.64900-03 7.9%14"+00 NM 0.9l045 0.153412 0.79760 2.1.2993 0.34764
is 2.9030,03 4.397150+0 NM 0.915151 0,54966 0.60660 a.16241 0.37393
19 3141100-01 4.33770+00 NM 0.91586 0.56168 0.03050 2.03053 0.40740
30 3.91900-03 1.011668+01 NM 0.96404 0,61141 0.815000 1.93292 0.43960o
It 4.42100-03 1.12740+01 NM 0.964511 0.64219 0.86770 1.112S63 0.417529
32 4.103540-03 1.8419"M (itt 0.916600 0.b1542 0.861110 1.71404 0.111%30
33 5.44300-01 11072',01 NM 0,97111% 0.709996 0.90200 1.41404 0.51111114
14 6.0760"-0) 1.153246"01 NIA 0.97472 0.7594 0.92940 1.49005 0.61641
is 6671300-03 1.70720+01 NM 0.97736 0.79623 0.93670 1.36394 0.67683
06 7.3460*-0) 10S918'#61 NM 0.90070 0.63920 0.95170 1026606 0014002
37 7.96300-03 2.04404,01 NM 0.94347 0.66202 0.901490 0.19477 0.0602%
36 6.4160*-03 1.1683,01 Nim 0.11739 0.92106 0.9Yh40 1.11424 0.6161167
39 9.8113"o-03 2.42760e01 NM 0.99496 0,95352 0.96760 1.07320 0698043
40 9.161110"-01 1.53S2'0*0 NM 0.94576 0.97542 0.94290 10.1,360 0.9151124
41 2.osafftOl-l I.S947'*oi NlA 0.99946 0.90738 0.94720 1.02999 0.97745
42 1.11%61-012 .43laofo2 KM 0.99760 0.99345 0.99760 10.0037 0.9893a
43 1.17900-01 1.6455vt02 N" 0.9491111 0.4199420 0.99410 1.00523 0.99361
44 11.216'.102 1*4502'002 NM 0.99647 0.99730 0.99600 1000304 0.99560
4% ll.ln80'-0l2 .6144~to2 NM 0.999119 0.99600 0.99920 2.00241 0.99860
46 11.4333"-02 a.402`5*461 NM 0,907112 0.9491111 0.941160 0.99670 1.00010

0 47 1.5eh0ol-0a2 .6693'*0l NM 1.00900 1.000001 2.00000o 2.00000 1.00000

INPUT VARIASLES YUN#U"ol"HOioD ASSUME PuPO
ALL. MEASURED POINTS



7402-C-3

7402t803 MASEY PHC~rILE TAnULAT~nN ii? PI(JNTS, DIELTA AT PU~I 4?

I Y PT.'/P "/PD TU/TOD M.I#M) U/110 1/10 /HDU'u,/UD

I 0Q000'+oo 1.0000"4fl0 NM 0.93WIZ ).0.nooo Q.Onlboo 4,7?167 0.000n0
2 1.6100'-04 2.9609"400) NM 0.93.001 0. 30478 0 .sbiA0 1.43171 U~.16451
3 3.8900-904 3.05517+00 NM 0.91245 0.31084 0.72I1) 3.39R13 1). 16877
4 4.11.00'-04 1.20970too NIA 0.93109 V.1204.2 o.SSS2u 1.33156 v.1Th'.'
5 0.39no*.O4 3.3528"400 NM (1.93222 0.32904 0.'159590 3.27976 0.18169
6 4.6100-04 3.49811"*oo NM 0.93070 U.S37sl 0.6n604 3.21269 U.16604
1 4.9004"0.0 .1.0$l NM 0.910?" 0.34009 0.61430 MOW06 0,19307
a .1.6000-04 3.7258"*00 NM 0.91059 o.35098 V0214*) 3.aooOQ 0.1fo600
9 5.4100*-04 1.Sd4b**fl0 NM 0,929014 0.35703 0.62570 3410078 0.20276
10 S.660411-0dl 3.95950+00 NM4 0.09291 0.s3i30 0.63560 3.06560 0.10740
It 5.9200'O04 4.06214+nO NM P.92896 0.36157 0.64184 3.03210 V.?1167

*12 6.1700".44 M.1331'*00 NM 0.92801 u,.37227 0.64569 3.00152 0.21466
1S 6.6800*-04 4.1060",fl0 NM 0.92798 O.S8111 U.65531) 2.95596 0.22164
14 7.1900".04 1..03400+00 NM 0.9M51 0.30778 U.bhibl) 2.91Y71 u1.22694

15 .900'0*04 1.sb66'400 NM 0.928088 u.34iI V.69040 2.77008 0.23060

lb* 1.I.200'..0 ft.0j12.+00 NM D.92813 u..39979 u.67000 R.b.017 u.230679

17 0.70030-04 .70810,s00 NM 0.93023 0.34974 0.9650s 2.17306 0.2404a
18 9.9hIl-04. 5.0890"+00 NM 0.929079 0.45185 0.809160 2.17108 o.37199s
19 1.11W-030 1.25437+00 NM 0.91049 0.07641 0.8*6341 2.08190 0.250so
30 o.asa0'-13 5.41650+f0 NiM 0.9M97 0.43362 0.100410 a.690174 0.4?6432
it 1.034790.0 l.I306'1.02 NM 0.938761 0.60313 U.1810 0.63983 0.47106

J2 .I0sobo-03 1.o1571'oo NM D.91826 U.41901 u.72514 a,91018 0.47873
al .80784-03 4.*3091"+00 NM 0.94403 0.471S37 0.181790 2.51%72 0.23729

31. 1.14004.03 6.6512"+00 NM 0.q9709 0.49M6 Q.849911 J.45078 u.13096
&5 2.3950"-03 I.0707'400 NMH 0.94996 0.49786 0.7716V 1.19270 0.32940
36 7.9834-03 7.69740+00 NM P.97167 u.726917 u.79610 a.27376 0.34615
go 8.61084-03 9.389

1 0"0 0  NM 0.9S419 0,54959 U.0.939* 2.17138 0.63729
38 9.29394-03 9.0637"0+0 NM 0.901.91 0.57290 0.81000 1.30121. 0.1907s
39 1.0314-03 q.7663-4'00 NM 0.95976 00596a14 U.80480 1.9901.1 0.2173*
it 4.911100-03 1.05117'001 NM 0.98697 0.1901i7 0.917*0 1,1173 0.744157
1.1 5.1790*-03 1.130b"401 NM 0.969?61 0.44923 0.07(110 1.b27101 .47551'1
1* 60.20*4-01 l.03iI'PoOI NM 0.96371 0.9686* 0.88190 1.11196 0.9761
).3 6.110'.411 1.311111+0l NM 0.90903 0.7n$06 0.899390 1.0*4*8 0.97533S
44 l1.3469-03 1.00704701 NM o.99899 0.99060 0.991.60 1.5187o 0.59406
36 0.36104-0* 1.5974*401 NM 0.97911 0.79471 0.999*0 1.00*1 0.b9970
37 6.6180"-03 1i,6631.00 NM 0.99097 0.60930 0.939960 1.00000 0.9991.0

0407 0.81144.02 116611'.01 NM 0.00000 0.1.0000 0.00000 1*00000 0.00000

4N1U 1.17900L02 Y0 IU.HNO/R1400 A84m~ 0,P6EP99OU94a ,150 .1
4aL M7 2426UI 1 4.341+ON 0935 0.6N 0915 TI56 .4

41IM60i .7101 N .90 .60 .930 1048 0904



7402-C-4

7402160'. IASEY PR0rILE TABULATION S2 POINTS, DELTA AT POINT S2

I y P21/P P/PD TooFTOD P4/MD U/ID 1./o PIO/AHOD)*U/UD

1 o0-00061+00 1.00000*6o N04 0.93264l 0.00000 U.00000 4.,71032 0.00000
2 1.6300*-04 2.8547"fou NM 0.929410 0.298145 L5543(i 3.144947 0.16069
3 1.8900"-04 3.0001#00o lim 0.9290?3 0.30796 0.51.700 3.30963 9.16727
4 4.3400*.04 I.3229*oo NM 0091927 0.31573 0.57730 3.34336 0.17267
S 4.39000-04 3.24*004#00 NM 0.92661 0.32349 0.58110 3.29361 0.176214

Ir6 4.6500*-04 11.3611'tOO NM 0.93716 0.33148 0.144.71, 3.24b044 0.1441i1
7 4.9000*-04 3.'.615"460 NM 0.92511 0.33648 0.60aso 3.20616 0.30?91
6 S.1600*-04 1.58S0"*OU Nm 0.92707 0.)4341 0.etiJ~o 3.16611 0.11295
9 S.4.1001-04 3.69060*00 NM 0.9246S 0.34920 0.61740 3.12506 v.lq7,;3
30 S.66001-04 1.77112*f0 1dM 0.92369 0.31390 0.6A260 3.09402 U.21016
11 5.92090-00 1.S6S7"tQO 1dm 0.92167 0.31873 0.61610 3.03665m 0.203486
12 6.1700*-04 3.92131'.0 NM 0.91408 V.36194 0.6st9o S.04971 0.071072
Is 6.6S000-os 4.0%42s040 NM 0.93151 0.36892 0.63960 3.00517 0.11179
14 ?.1900-:04 4.13?30#010 NM 0.92410 0.57514 0064680 2.4726% 0.217S6
Is 1.1000 ~04 4.94620+40 NM 0.91430 0.1810% 0.64130 a.9394% 0.1121
16 41.?0040-04 4.3941,400 14M 0.921411 0.18640 0.619130 2.00867 0.22616
37 6.71001-04 404714*+"0 NM 0.9239S 0.S90%6 0.66330 2..68.13. 0.22997
15 9.9600*-04 4.6721~+00 14P 0.93102 0.40044 0.07610 2.6sofi3 O.M371
39 &.310o*0s 0.S6840+00 OR~ 0.92741 0.40946 0.66390 2.78940 0.24S18
10 1.8120*03 1.03h40#40 NM 0.92976 0.41734 0.69150 2.75330 0.25111
It 3.3790*.03 %.20210#00 NMA 0.93164 0.41495 0.70060O 1.73633 0.2117n
lit 1150664-03 1115980400 NIA 0.93370 0.4310S 0.740010 a.681528 11.26366
23 3.034*0O3 15,0611"#00 3434 0.93476 0.43865 0.73410 2.65312 0.26930
A4 .64610'.01 '1.62630+n0 hm 0.93723 0.'11141 0.72760 i.S6199 0.28311
IS 1 .14101-03 4.11333'+30 143 0.93736 0.46448 0.71620 2.50589 0,242912
16 M.3910P.03 4.3940'4+30 NH' 0.94171. 0.97196 0.74960 ?.48036 41.10224
27 2.64900-03 6.64970toO 3434 0.91231 0.48780 0.76140 2.449196 0.31710
28 1.94300-03 6.441689fl0 N14 0.94933 U.4976% 0i.171130 2.14400 0.32163
29 3.41tbP-01 7.470711#00 NP 0.94777 0.51770 o.79430 2s24516 0.34172
50 S.191901-01 4.0043wo,*13 f0A 0,949S7 O.1373 U.79870 2.21099i 0.36311
It 41.'2704-03 11.529sm+00 N'w 0.9%072 0.S1163 0.41160 21.3336 0.34040
Ile 6.93500-03 4406900.00 N4 0.9s4133 0.57399 U.621180 2.064R4 V.1994%
IN S.4410*-03 *.67941+60 Nm 0.95672 U.A9W0 0.83760 1.96666 0.49121
54 6.0400.-03 1.13461.+01 1dM 0.9S664 0.61661 0.41aS0 1.107810 0.44918
13 6.11103'-03 1.116301#01 Nm 0.911680 Q.69324 0.86630 1.60963 0.47616
36 1.3480m.03 1.2130+013 NM 0.96260 0.66812 0.67#410 1.7313o 0.10T77
17 1.9630~0.1 1*3301*0NI liM 0.46616 0.69340 0,89310 1.63693 0.13536
III 6.6360'.03 1.3914~0ff Nm 0.96666 0.73601 0.90260 1.18078 U.57111
39 9.2130*-03 1.4611940t13 NI' 0.97061 0.74283 0.93410 I.S316t 9.60339
40 9.6660"-03 i.seep2o0I VI 0.97222 0.76876 0.01470 1.44676 0.63911
at I.01lIP0.0 1.69101#0i Nm 0.972196 0.794013 0.93$70 1.3007.1 0.67S21s
Q2 I.1116-O2 I.8006"*13 NP 0.97606 0.6me0 9.94010 1.31644 0.7110e
43 1.70- 101.400901 14M 0.97706 0.64614 0.01360 1.A6516 0.79103o
44 1.24ill"-2 t. "Alt * to 101 0.98079 0.871140 0.q606j0 1.al433 0.7%119
113 1.30600-Ql 1.14115,900 N10 0.96079 u.69713 U.964.01 1.36279 0.63196
46 1.41330%w0?2 .16074#01 3dM 0.90795 U.94920 0.06170 1.06601 0.90191
47 I.1600*-01 2.511'2v.0 Nm 0.99147 0.07316 0.99010 1003%52 0.414693
48 .6?"0 2.99960#413 313 0.99362 0.94946 U.94470 3.4IL6I 0.9944a
49 1.0140"-021 .63l91+01 3dMA 0.99623 0.99190 0,997303 3.00263 0.994,13
S0 1.9413"-02 2.64136*t01 NM 0.991134 0.99681 0.99730 0.99830 0.94900
%1 9.06631-02 ?.6498~0+1 Nm 0.99179 0.9991S 0.99670 0.99930 0.99960
%a 21 .1101-02 2.624?4+03 Nm 1.00000 1.00000 3.00400 1,00000 1.00000

INPUT YARIAOL96 Y#U/UOItMO/PMOO ASSUME PmeP)
ALL MEASURED) POINTS



7402-C-5

74021805b 'AREYrTLFE YABULATIMIT R5 PO01MSP DJELTA At PUINT b5

I y PIA/P P/FIb to/TOt' :1/it WtUo 7/1W1) RHO/RHOII*U,'UD

I o.0o0o"foo 1.00n tipt 0.92988 O.D0000 Q.onuao 4.6835k D.V0oOO
2 3.6100*-O'S 2.6355"+Oo N1-i 0.93267 0.29766 U.55370 S.aA6021 0.I6T002
3 3.8900"-04 2.9Adl0fo~u NM 0.93221 0.30358 0.5blh0 3.122~31 0.1b0040
4 4'.ILAQ0O"-0' 3.0169"4'Iu NM 0.9334S 0.31336 0.575i00 3.36766I 0,.17077
5 4.19~00"-04 S.I867,*40 NPI 0.93126 0.32034 0.58S40 3.31675 0.17590
6 4.bSI)OV04 3.3150~+00 NM u .93043 0).12605 0.5911V 1.2694OI 0.1814S

7 19f~~0I 34641 M 0.91126 0.33949 u.60Q0 3231 .0S1

6 .60-4 .1540 lk U.29260 0.31547 0.623110 3.IO5439 u.10996

9 .)4100W011 1.6026't00 11 .14 0.304411 0.61360 3.166S6 0.97

11 5.6l100*.0'I 3.76o7*+.o0 14 .92002 U.3'5375 o.b6slet 3.10SS9 u.20073

14 7.141M)"-l .04 99,fl0O ri 0.9?173 0.37107 0.6I)230 l.o1015 0.213sb
Is ?.?nn*00.l4 4.1016"100 14M 0.92400J 0.376201 0.6492)1 2.9779b 0.248000
1,6 b.?)1 -00"l' 4.27?4*foo rim 0.91532 0.3A606 0.6%3001 2.939'l5 V.22215
A7 8.7100"-04 '4.1566*+00 11M 0.9a604 0.36544 0.650110 ?.9?463 0.21251
111 9.9500"-o0i Q.S69b*40o 11 0.93015 1).39577 0.67M) e.R7,l26 U.23160,
19 l.1250"-OS 0.75110"+Qu NM 0.9s313 0.40053 9.6799U ý!.8?4116 U.241060
10 1.2'i201-01 4.91534+00 tIm 0.93631 0.41218 0,68961. 2.79602 U.24660
it1 .3790*-030 5.0620"fou uiM 0.93572 0.441M 0.69611) 2.75720 0.25108
92 1.5060*-U$ 5.2070491)0 N4M 0.93678 0.42558 4.70290 9.7?405 0.2seol
23 l.b3s0"-03 5.3590"#00 NM 11.9491) 0.113275 o.71 IoU 2.69906 U.21430
al4 1.5867f*l- 5.01S3?*+)1 NM 0.94368 0.411571 0.72391) 2.63763 U.27441
AS a.1411"0.13 S.9337"eflo NM 0.411616 0.45773 0.73550 2.56196 U.211486
ac4 Z.3950'-OS 6.1039'tfl Nm 0.94742 0.468'59 0.745¶3Q 2.Saq9i? 0.2941.
a? J.64901-all 6.4416"01')0 Alm 0.911961 0.417699 (1.7%400( 2.06311 0.30396
aTS 2.9030'.0% 6*6951".fl0 N4 0.95201 0.4166W U.7637', 9.44006 Q.3121M9
29 3.lO10I4)1 7.15I40tUo NHT 0,9507b 0.506S0 0.77h9i) 2.3W394 u.43026
30 S.9190T".01 ?.6076.000 Nit 0.945414 0.52)64 00.914'0 j.P824T'S 0.346417
34 4,0Z701-03 N.039s"#00 N1)4 11.95454 1).53931 Q.50201) .e.2li'1t U.36266
1e 'e.9350".fl1 4.5023"tau NHT 0.95575 0.SS569 U.011340 2.14316 u.17953
33 5.440"-0)1 6.Q320"+Ou NM 0.95974 0.S7034 0.024541 i.06(66 u1.39012
14 6.07110'"-o 9.4371".o rim 0.960167 0.5904lo 0.83710 4.04005 0.41460
IS 6.7is0*fl1 1.0164"fol NM 0.96497 (1.64140 U.1550110 4.3636 0.41093
lb 7*3dIafl.U1 I.0622MM0 NM 0.96241 0.63097 U.86041) 1.859413 u.0627a
17 7.9630".01 l.lS03001l NM 0.96694 u.6510'. 0.872110 1.79501 0.4062M
38 6.61150-01 1.21112"Mn 1M 0.9702P 0.67112 U.118361) 1.73374 V.SD978
39 9.153o"-01 1.29RON901l NM 0.97467 ().69210 0.691.011 1.6va60 f).53al1
4u 9.566S01-01 I.S679M#0I NM 0.97509 01.11287 0.90440 1.60951 Q.501190
41 i15o"v .4o57"tft 144 0.9749b 0.73SS7 0.94170 1.11099 Q.5496(1

44 .2dlas-Op 1.6934,401 4 0.47830 U.?9606 0.91660 1360415 0.676046
A5 l..01060'-01 1.741-004 Nim 9.97094 0,61606 U.94360 I.1 9o .)7
4b 1 .4313*.02 4.qS54"tn4 flit 0.9629 0.6'1913 U.95940 1.24104 v.76934
047 1,5600"-02 l.4557001 ri4 0.96306 01.90081 V.96900 1.1sa606 11.6706
45 k.b673'-02 2.3315'401 N14 0.96964 I1.91742 0.961011 I.0960 u.95q64
49 1.6400.o-Up 2.40765101 NM 0.995?4 v.9q6693 0.99060 1.1)4996 0.94364
50 1.90I11-01 2.%545#01 t114 01995111 0.91454. 0.99450 1,112030 O.q7471
%I J.06110*-o&' 2.61420901 Nh 0.997?2 0.99S95 4,.9974V 1,n0695 V.9905i
52 a.4953W.02 2.6352$flI NM 0.49760 V.99000 0.99600 J.no0060 f).94760
S3 2.3123'-pa 2.6432s0#0 rim 1.00055 0.999%% 1.00020 l.0013o V.99690
561 2,14d9)3-0l 1.604480#0 N" 1.00006 0.99V65 4.00000o 1.000030 u.9997v

D S5 2.5760"-01 2.64551+01 ?IM 1.04060 I.011lofl 1.041000 I.flfl0i0 1.410000

INPUT VANZAOLES vU/ucPMHOP440d1 ASSUMt PNPO
ALL MMAURED POINTS



7403-A-1I

S,: ,.4 7403
R THETA X 10'3 : 40

STW/TR : 0.42
ZPG - SHT

Conti nous tunnel, with sysmtrical flexible nozzle. W a 0.51, H * 0.53 m.

PO : 4.3 N/m TO 1 790 K. Dried &irRE/m X 10- : 12,7.

LADENIAN A.J. and DEMETRIADES A., 1974. Mean and fluctuating flow measurtments in the hypersonic boundary

layer over a cooled wall. J. Fluid Mach. 63, 121-144.
!ad Demetrtades, A., Private communications.

Also Lederman I Dometrlades (1972), McRonald (1975)

1 The test boundary layer was formed on the upper wall of the contoured flexible nozzle and test section of

4 the tunnel, Measurements were made at a single station on the centre-line 4.064 m downstream of the throat

(X m 0). The test surface was "polished to micro-inch finish" and was actively cooled. Surveys by Leufer

2 at a1. (1947) showed that the Mach number on the axil was constant within 0.3 % for nearly 2 m leading up

to and passing through the test aone. Variation across the central 0.25 m of the flow was less then I %
5 0.3 m upstream of the test station. Differences in Pitot reading, for a given value of V. within the central

3 0.3 m of the boundary layer wore about 6 %, Transition was "thought to be within a few am of the throat".

4 Static pressure on the side well and roof agreed within 3 11 but showed greater longitudinal variation than

on the centre lint. The pressure at X a 2 m was about 8 % higher than at the test station and fell to a

miniu about 16 % below the test value at X - 3.0 m before rising again so that the gradient was about

+ 26 1/m at the test station (Editois' estimate from information supplied in graphical form).

6 Static preoesure was measured on both sidewalls nd roof (if the tunnel at 0.305 m Intervals, with a tapping
(d a 1.70 M) at the test station. The tenperature of the wall was measured at X a 4.070 m by a thermocouple

7 mounted in the wall of a recess used for Instrumentetion. Pitot, hot-wire, static pressure and total

8 temperature probes were mounted on a single traverse gear. The HliP and TTP were mounted 76 ma to either tide

5 of the Pttot probe which was on the centre-line, Additional Pitot probes wore mounted at Z w ! 152 me and
7 used to check two-dimenslionality. In the outer part of the layer, the Pitot probes wore MPp (d1 or d2 a 3.17.

I a 38.1 mm). For measurements near the wall s cranked FPP (h, m 0,36, h2 w 0,2, b1 - 1,b8, b2 1 .1.62,

1 m 38.1 me) was fitted to the tip of one of the outboard Pitot tubes. The MWP carried a Pt - 10 1 Rh wire

(typically d a 0.25, 1 a 76 a). These were mounted slackly (to avoid strain gauge effects) to two sharp-

pointed prongs. These, and the Initial part of the support body (d - 0.79, 1 • 6.3 me) were cranked towards

the surface at about 200 and mounted to a slender cylindrical support aligned with the flow (1, overall,

38.1 mm). The wires were operated in the constant-current mode. The TTP was a vented STP (d1 a 3.2.
d2 a 2.4, 1 - 36 me) with the Iron-constentan thermocouple mounted 11 me back from the front face, and

vented by three holes at the too position (d * 0.79 m). The static pressure probe was 'a sharply pointed

1.27 m diameter tube, aligned in the direction of flow, With three sensing holes (0.38 me diameter)

8 located 1f me from its tip". The static probe was mounted with Itt axis 8 mm further from the tunnel wall

therl the line containn;g the tips of the CPP and STP.

9 Thi authors have interpolated the profilt measurements to the Y value of the Pitot masurements. TO values
In the Inner part of the layer (y 4 1,6 m) are obtained by fitting a third degree polynomial to the inner-

most easured values to meet the wall tempereture (see source figure 5 end page 128). The authors obtained
a CF value by fitting the trensfomed velocity profile data to the law of the wall and Coles' (196) wake
function (see source paper p 132 for details).

10 The Pitat probe readings are uncorrected. The authors calculated thermal, viscous, end rarefaction
corrections, which were negligible for the large probes. For the emall probe, the viscous correction could
be up to 10 1 but was not applied because of the lack of experimental data on such corrections. The STP

was calibreted at N m 0.5 and M a 6 at 600 K, and it M • 4 for TO from 300 to 8SO K. The calibration was
found to depend on the probe Reynolds Number, being essentially independent of Mach number. Large corrections
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for viscous interaction effects were applied to the static pressure readings (up to 60 %). For a discussion
of these see the source paper and Beckwith at &l. 1971. The calibration and reduction procedures for the
hot-wire probes will not be discussed here in detail, The fundamental assumption is that the pressure-
entropy and pressure-vorticity correlations are negligible while the entropy / vorticity correlation is - 1.

11 For a full discussion see the source paper and associated references. Viscosity values were taken from
NAVORD report 1488 vol. 5 section 15 (1963).

12 The editors have accepted all the corrections and interpolations used by the authors, For the profile tables
we have set the .-state at the point for which we computed the highest value of PO and arbitrarily set the
D-state reservoir properties to the stated tunnel values. We found it necessary to use a trapezoidal

13 Integration r0le in calculating the integral values. There is one profile presented, supplemented by the
14 hot wire data ini section D. We have presented the CF value obtained by the authors from a curve fit to the

transformed profile.

§ DATA 7403 0101. Single profile, Pitot, TO and P measured simultaneously. Turbulence quantities measured
- with constant current hot-wire probe.

15 Editor' comments

The special value of this entry lies In the provision of hot wire data at MI k 10. These are tabulated in
section 0 for two different wires. The difficulty of obtaining such data cannot be overestimated, and the
pool of available turbulence information is small. In the catalogue the whole Mach number range from
1.7 to 10 is covered by, successively, Kistler - CAT 5803, Horstuan & •wen - CAT 7201 and the present entry.

SA contrast between ZPO and simple wave APO behaviour is given by Sturek & Danbarg - CAT 7101, and a
limited observation In a reflected wave APO Is given by Waltrup A Schett - CAT 7104. It is, however, diffi-

* cult to form these disparate studies into any unified whole as the types of equipment, the assumptions
made in d4ta-reduction and the prejudices of each research worker are so varied,

The authors' preferred scaling length is the boundary layer thickness for 50 % intermittency, here 103 mm,
At this point PO/POO is about 0,6 end U/UD is about 0.95. Thus 8 (inteimittency) Is here less than most
values based on meowi flow data, and arguments relying on the relative position of turbulence features

should take account of this,

The reported static pressure variation Is very difficult to explain. If the mean flow streamlines are
straight and parallel, there can be no pressure difference across the boundary layer as a whole, A local
dip in the region of intense momentum fluctuations could be observed as a part of the total normal stress
would then be supplied by the normal Reynolds stress. The calibration procedure for the static probe
requires very large corrections, to that no great emphasis should be placed on the details of the variation
reported, The overall difference however can also be inferred from the wall static pressure and a Pitot-
derived value In the free strea, and the adjusted static pressure variation given In the profile tables
agrees with these two observations,

If the longitudinal pressure gradient of 25 %/m estimated by the editors, and referred to In § 4 above,
iv assumed to propagate as a simple wave from the wall on which It is measured, the static pressure would
fall by about 30 1 across the boundary layer, which at this level of argument is quite good agreement with
the 40 1 reported, The subsequent development of the, ncessarily curved, man flow streamline is, however,
difficult to vimuallse unless the whole phenomenon is en upstream influence of the diffuser. The centre
line Pitot data in Laufer at al. (1967) rule out aty possibility of a wave structure from upsti•e having
this effect. As a lest CaMMet on this puzzling apparent behaviour, McRonald (1976) reports a "balance

chamber pressure' at this X-station of about 1.2 PC, end quotes a variety of static pressure determinations
by Dmetriades and Gupta which show much increased differences between wall end "free strea isentropic"
pressures as the tunnel reservoir pressure falls. It is possible that this represents an increasing upstream
Influence of the diffuser.

The profile is given In great detail, and using the authors' CF value, fits both Inner and outer laws well
in transfomed coar4inates. The wake region is rather more pronounced then for low speed ZPG profiles.
Measurements eIxtan well within the omentsai-deficit peak. There are no available mean flow data which



7403-A-3/1-1

can be directly compared. The cooled tunnel wall measurements of Hopkins A Keener - CAT 7203 were made
at M - 7, while the H - 10 flat plate study by Watson at al. - CAT 7305 was at lower Reynolds number and

without heat transfer.

CAT ?403 LADERMAN BOUNDARY CONDITION8 AND EVALUATED DATA. 31 UNITS.

RUff MD * TN#TR RD2W CF * 12 HIZK PW PD
x POD* pMipO RED20 ca 32 tH32% IWO TO
RZ TOD* SW D2 PIZ H42 DM Up TR

7430101 4.3731 0.aST 6.$5232*03 4.0600Mo0o 7.2SS9 1.4188 2a'a27"+÷u I.S456N+02
NM 4.2h63*06 1.41155 a4O0090#04 NM 106135 1.7449 3.04000+02 4.96418401
INFINITE 70.2904#02 o.ooaO 7.8773"-03 NC 1.330S 1.?O10-02 a.aRR?1#03 7.i407"+02

TRAPEZOIDAL RULE FOR ALL INT[GRATIONS

EVALUATCD DATA - PRESSURE BAAED REFERENCE FLOW

RUN OPD HiaPO H32P9 HM0PD RtD;pOD MIOQPOO DaTAR
paP" HiaPM H32PR 'qaPW REDIPMO REDIPWM

74030101 7?,Ti4-o1 .0j 1i890 lSI1t j.3476 3*4551"*O0 6.445S0+03 6,4165"-01
6.0461,-03 q.1487 1,5166 1.3435 3.16?Ii'04 6.46511+03

K,
El
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111030101 LADERMAN PROFILE TABULATION 73 POINTS, DELTA AT POINT 71

1 y PT;:/P PlPD Y0/70D N/MO U/UD T11D RHO/RHOD*U!UI

1 .00001+00 1.0000*too 1.01850 0.38307 0.00000 0.00000 7.113a8 0.00000
2 2.5400"-04 1.22031+00 1.00051 0.44261 0.05772 0.16064 7.76509 0.02898
3 3.6100'-04 1.271s'too 1.1)0807 0.147047 0.044.23 0.18332 8.141645 0.03165
4 11.57201-04 1.116611+00 1.42319 0.50785 0.0b108 0.2357*. 6.05'l'l 0.03465
s 5.58801-04 1.28261*00 1.37129 0.491*46 0.0607b 0.1A881 8.s0032 0.01043
6 7.5740*-04 I.5906"M0 1.42404 0.54613 0.011963 O.Z6773 68.8249 0.04268
? 9.3980"-04 I.S92R'.00 1.42149 0.57602 0.08994 0.27572 4.39836 0.041166
a 1.2446*-03 2.2118900 1.42131 0.56826 0.12056 0.35564 8.70226 0.05,803
9 1.3716'-03 2.0895*+00 1.41S99 0.59639 0,11150 0.34665 9.0'i01l 0.05408

10 1.4478"-03 2.89131+00 1.11177S 0.59164 0.100146 0.009S9 8.03932 0.07216
It 1.6002".0V 2.2145"t00 1.41179 0.61078 0,12067 0.1621)4 9.03186 0.05663
12 I.7760*-03 M.875'*00 1.41447 0.611413 0.13443 0.19$60 8.6604t 0.06055
13 &.9050'-03 2.S900'lt~o 1.40903 0.61990 0.13434 0,59760 3.734311 0.06*06
10 2.23S2'030 1.4019"it00 1.0096a 0.62330 0.15971 0.1,155IS 7.42 0.07955
IS 2.7940*-03 4.0953*tn0 1.40679 0.63318 0.17817 0.08951 7.5W189 0.09114
06 3.09&B*-03 4.10381+00 1.39969 0.63738 0.17830 0.09151 7.59183 0.09053
17 4.1688'-03 5.20020*00 1.39292 0.611472 0.a0399 IJ.S36446 6,91611 0.10794
18 5.30866'03 S.66090+00 1.38479 0.641828 0.21381 U.152110 6.67042 0.114117

*19 'S.5626"-03 S.6661'f00 1.38170 0.65027 0.21391 0.553*1 6.69391 (1,11411
20 5.6368'-01 5.9259*+00 1.34147 0.64903 0,219a% 0.56044 b.53418 0.1163?
i1 6.9302*-03 6.40520#00 1.3696S 0.65738 0.W292 0.578112 6.3"294 0.12506
22 ?.79760-03 6.6771*tDD 1.34910 0.61912 0.23397 0.56442 6.23912 0,12812
23 8.1784,-03 6.8812"s00 1.36605 0.659116 0.23761 0.50)A,41 o.111289 0.13098
24 8.22961-03 6.7504"+00 1.36850 0.65966 0.23%36 0.556641 6.?0800 0.129114
25 9.3980*-03 7.358'*+00 1.36064 0.166038 0.24656 0.60040 S.92977 0.13763
26 1.03W8-02 I.S7110**00 1.35883 0.66153 0.25040 0.60539 5.80832 0.14Q99
a7 1.07I90-02 7.7132"+00 1.3S701 0.66195 0.25285 0.60639 5.76931 0.14251
28 1.1989"-02 8.1330"#O0 l.34916 0.b6601 0.M691 0.61736 5.63376 0.14770
29 1.133'S-02 a.2903*+00 1.34468 0.66642 0.26278 0.621)8d 5.50166 0,10928
1 0 1.Ses0"-02 q.12790+00 1.33599 0,67000 0.27*511 0.03736 5.31203 0.16014
31 l.03s9"-02 9.8347.+l0 1.32775 0.67339 0.28763 0.611935 5.09655 0.16900
$2 a.0523*-02 1.I072'.01 1.32084 0.67305 0.)0604 0.66533 4.72472 0.18581
13 2.07010-0? 1.1213o*01 1.32316 0.65001 0.30812 0.67033 4.733041 0.18721
34 2.3190"-02 1.2053"0+1 1.31773 0.69S44 0.31996 0.66731 14.62403 0.1960)6
35 2.7a269-02 1.3705"401 1.31045 0.65973 0.34205 0.70030 4,14178 0.21871

£36 3.41595'-02 1.700840+0 1.30073 0.70675 0.302)7 0.73327 3.67741 0u.25910
37 3.5481"-02 1.8507"*0I 1.30133 0.72648 0,39934 0.75225 3.54646 0.27560
38 4.2215*-02 2.0811"+Ol 1.29506 0.72747 0.02*409 0.76020 3.207111 0.300117
19 0.9835*-02 2.60807'fa1 1.29423 0.7'4895 11.13639 0.79121 a.90911 0.15165
4 0 5.1222*-02 2.6066"0+0 I.M970 0.7160 0.07573 0.79b20 2.M011 0.36821
01 5.3696*.02 2.75561401 1.293119 017A685 0.40930 0.8ini9 a147077 0.38196
02 S.?607'-02 3.1152~*0l 1.28a25 0.77375 0.52086 O.M214 9.49169 U1.4206?

Q3 .5075"-02 3.73581+01 1.28095 0.797151 0.57111 0.804715 2.R0032 0,049969
441 b.888s*.02 4.1886'ofl 1.a7112 0.41as5 11.60S10 0.56.110 2,02973 U.5.0938
45 7.0129m-02 4.27080+01 1.27338 0.61)08 0.61112 0.64;914 1,476112 0.55296
06 1.2746"-02 0.I8t5l+01 1.a6202 0.62,08 0.614010 0.87310 1.86041 0.59170
07 7.6%OSI-02 5.t032*+Dl 1,2%M5 0.631811 0.6b66,2 0.88312 1.711051 0.6394
48 7.9146'-02 15.4197R+01 1.2?750 0.815119 0ý7t8l3 0.89710 1.560SY f).70493
09 6.4023"-D? 6.?418'4441 1.229CO 0.651*40 0.04032 0.90310 1.118410 0.711128
s0 9.40099-02 (,.1781*01l 1.22246 0.86210 0.73620 U.910tQ9 1.5?l?; 9.72902
51 6.9103"-02 7.1561"+0I 1.18905 0."Yi59 0.79il51 0.91908 l.i.03ol U.S123b
S2 9.1705"-02 7.7696"+01 1.16619 0.U7689 0.81T36 0.91607 1.2plia1 0.56118t
S3 9.4153"-02 7.9885w+01 1.165?0 0.88099 0.83790 0.9180? 1.117**70 0.88069
54 9.42690-02 O.R1311+01 1.14967 0.858651 0.89074 0.03107 1.20290 0.091011
%% 9.679**-C2 577"fI 1.13101 0.8910 0.57763 0.9160b 1.1411210 0.92773
56 9.9314"-02 6.66710+01 1.1.?882 0.6990b 0.88307 0.941106 1.1356S u.934146
97 14.9339"-Ol 9.2955".01 1.11217 0.89011 0.9611111 0.90206 1.08500 0.96064
so l.0193"-01 q.S159"+o 1.10464 0.90030 U.91491 0.9'l?05 1.01136 0.975149
59 I.0194'-Ul 9,%040'401 1.09807 0.91M6 0.916,57 0.9r,005 1.074139 0.97002
60 1.0432"-01 9.lI9601+01 1.11193 0.90260 V,92001 0.94505 1.eb009 0.q5195
61 l.0450"-01 9.8950"+01 2.08879 0.91173 0.91311 0.95108s 1.01,43 0.99579
fig l.0700.-01 1.00026+01? 1.08090 0.92215 0.911239 0.957011 1.011311 1.00207
63 1.09051-0l 1.00170+02 1.08576 0,920614 0.93857 0.956004 1.03693 1.00007
60 l,0970*.01 1.oa92*'lJ 1.07561 0.92513 U.911906 0.95900 1.02903 1.01086
05 l.121W.01 1.01159"+02 1.06602 0.91175 0.9s9146 0.9t,304 1.00711? 1.01799
66 1.11153"-01 1.005"+02 1.07435 0.93262 0.95188 0.9b300 1.093,51 1.01027
67 1,14W5-01 1.049041+02 1.06M5 0.93157 0.96106 0.9630'I 1.00412 1.02:161
fo8 1.2222*-01 1.08'42"+oq 1.00195 0.49,312 0.97696 0.91502 0.9960S 1.021180
09 1.2962'-01 1.0949"+Oa 1.03672 0.96827 0.96176 0.9030A 1,00257 1.01511
70 1.71'0 .1166"i02 1.02375 0.9790a 0.99157 U.98901 0.%40814 1.01673

0 71 I.S281"-0l 1.1358"+02 1.00100 1.00000 1.04000 1.00000 1.00000 1.00000
74 1.7616"-01 t.1290"+02 A1.98702 1.01M4 0.99701 1.111099 1.02823 0.96950
73 2.0360'.01 1.1316"4-02 0.98731 1.11817 0.99904 1.00899 1.02002 0.97506

INPUT VARZAWSIr 'fi4U/UD#RHO/RIN00
AT 1@4 DATA NCR[ AVERAGED
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SECTION D. ADDITIONAL DATA - TURBULENCE MEASUREMENTS. RESULTS FROM CONSTANT-CURRENT HOT WIRE PROBES

Fluctuation levels relatlve to local mean value of relevant property.

FACSIMILE FROM TABLE SUPPLIED BY AUTHORS. NB: AUTHORS SYMOLS AND UNITS

Fluctuatton levels (%):

T - stPttc temperature, u' - velocity, p' -static pressure, p' - density, a' - entropy. T' - vorticity.

Y-distance from wall in lches. Lu, LT1 L. Integral scales (x direction) in cm - for velocity, temperature

and pressure. SnA - "Strong Reynolds Analogy" - T'/(y -1) P4 u'.

y(i,,•) ' ) U'(W) p'(Z) P'(%) SM L. '(.) v'(7)

.063 4.86 8.69 16.5 11.8 .943 .85 .86 .84 1.18 3.5

.078 6.13 9.60 16.87 12.6 .856 .99 .97 .67 3.78 7.09

.104 6.87 8.41 18.52 13.9 .B56 1.12 1.14 1.01 4.39 6.33

.116 6.66 7.56 17.55 13.3 .849 1.23 1.19 .72 4.38 5.81

.26 6.16 4.60 13.48 10.8 .748 1.34 1.k4 .63 4.81 4.74

.365 5.30 3.57 12.48 9.73 .722 1.75 1.65 .56 3.92 3.12

.469 5.37 3.22 11.95 9.48 .708 1.96 1.o6 .504 4.15 2.88

.562 5.62 3.08 11.47 9.38 .700 1.97 1.85 .479 4.57 2.81

.665 6.24 3.14 11.76 9.91 .685 2.00 1.89 .489 5.26 2.92

.763 6.01 2.90 11.8 9.78 .652 2.06 2.03 .38 4.97 2.70

.801 5.80 2.75 11.05 9.27 .61 2.12 2.16 .47 4.86 2.59
1.462 8.84 2.79 14.4 12.9 .588 1.99 2.10 .51 7.83 2.69
2.011 8.15 2.06 14.3 12.4 .504 1.79 1.81 .36 7.05 1.99
2.513 7.79 1.56 14.8 12.4 .446 2.06 1.96 .55 6.55 1.51
2.716 9.83 1.59 14.5 13.7 .477 2.46 3.27 .66 8.90 1.56
3.263 10.3 1.2 13.9 13.7 .453 1.52 1.37 .18 9.50 1.18
3.413 7.03 .89 11.26 10.2 .376 1.97 1.89 .15 6.25 .86
3.663 7.89 .74 12.36 11.3 .438 1.81 1.65 .84 7.05 .725
3.865 5.46 .525 8.95 0.01 .381 1.81 1.39 .37 4.82 .516
4.062 2.44 .222 6.31 4.8 .372 2.88 4.15 1.66 1.6$ .214
4.264 1.59 .160 4.76 3.5 .318 1.85 1.67 1.87 .83 .154
4.464 1.26 .115 3.76 2.76 .342 1.6# 1.10 1.47 .b6 .11
4.613 1.22 .089 3.09 2.36 .420 2.66 .59 1.11 .8ý .085
5.54 1.50 .061 3.17 2.56 .709 1.93 1.21 2.50 1.20 .055
6.512 2.11 .037 3.05 2.9 1.61 5.55 4.68 2.28 1493 .028

y V'(%) ul(I) P'I%) P'(M SPA Ly '

.027 .79 3.1? 2.69 1.93 .929 .26 .26 .24 .18 1.33

.047 4.83 10.0 16.8 12.0 .995 .486 .48 .467 .58 1.72

.090 3.07 3.82 8.90 6.8 .932 1.21 1.15 .64 1.73 2.44
.11 3.59 3.78 11.3 8.22 .956 1.31 1.27 .84 1.59 1.95
.176 3.74 3.46 11.56 8.44 .963 1.52 1.45 .57 1.76 1.02
.1V44 3.65 3.10 10.92 8.02 .947 1.46 1.39 .79 1.89 1.82
.187 3.77 2.78 9.37 7.2 .893 1.48 1.41 .62 2.66 2.15
,212 3.40 2.33 9.10 6.86 .910 1.56 1.45 .59 2.18 1.67
.2) 3.46 2.34 9.20 6.94 .885 1.19 1.09 .50 2.25 1.73

1.07 3.24 1.57 11.21 9.01 .849 2.75 2.59 1.03 4.14 1.34'
1.318 3.44 1.44 10.85 8.94 .776 3.03 3.23 1.27 4.47 1.29
1.618 6.54 1.42 12.30 1.0.4 .769 2.95 3.21 1.32 5.52 1.29
2.224, 5.80 .875 12.39 9.97 .727 3.3 3.24 1.58 4.50 .784
2.82 6.72 .701 16.29 12.6 .687 3.51 3.40 .45 4.85 .616

3.122 6.58 .614 13.43 11.0 .622 2.92 3.50 2.85 5.35 .572

3.971 2.94 .197 7.36 5.6' .522 2.98 2.64 .59 2.06 .183
5.047 2.08 .081 6.53 4.75 .752 1.19 .52 .38 .92 .060
0.971 3.67 .185 2.41 3.94 .565 .63 .36 .097 3.6 .184
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M : 2.96 falling to 2.80 7601
- - - -- -- R THETA X 10-3 : 23 - 415

T1W/TR : 1.05
ZPG - AW

Blow down tunnel with two-dimensional symmetrical fixed nozzle bloaks. Minimum runnina time 20 secs.
W a H - 0.232, L - 2.56 m. 0.3 < PO < 3.4 WN/m2 . TO : 275 K. Dry air, 35 < RE/m X 10- 6 , 300,

VAS I.E., SETTLES G.S. and BOGOONOFF 5.M. 1976. An experimental study of the compressible turbulent
boundary layer over a wide range of Reynolds number. Princeton University report in preparation.
And Settles (1975), Vat & Bogdonoff (1971), Vol I.E., private communications.

I The test boundery layer was formet on the lowtr wall of a 0.232 m square constant area test channel.
following the contoured nc.'zle block. There were nine test stations on the centre line. approximately
equally distributed in the range X • 0.89 to 3,45, where X - 0 at the tunnel throat. The test ýurface was

2 machined to 1.7 um, and was not actively cooled. Pitot surveys showed the free stream 'to be even within
3 3 %."No boundary layer trip deulces were used, and natural transition was believed to occur upstream of
4 the throat, The test layer experienced a predomInately sinmple wave favourable pressure gradient when

passing over the nozzle block, and as a result of boundary layer growth, was subject to a slight adverse
5 pressure gradient in the constant-area test section. Spanwise static pressure surveys end surface flow

patterns were frequently repeated, and showed the flow to be'uniform and non-converging'.

6 Wall pressure was measured by static pressure tappings (d - 0.8 ms), and wall temperature by thermocouples,
8 both at the save X-stations as for the profiles. Wall shear stress was determined using Preston tubes

* (d2 - 0.6 dl; d1 " 1.5%, 2.39. 3.18 mm) and the Hopkins I Keener (1966) T/calibratlon.

7 Pitot profiles were measured with a FPP for which h1 N 0.178, h2 a 0.089, b1 a 0.762, 1 . 2 mem.
20-30 total temperature surveys were made using a FIP consisting of a chromel alumel thermocouple Junction

8 at the centre of a fine wire 2.54 mm long, and either 51 or 102 um in diameter. The profiles were measured
at the nine stations listed in section 8 below, and Preston tube oLservations were made at the sam positions.

9 The TO profile surveys all showed "a roughly linear increase In TO/TOO from 1.0 at the boundary layer edge

to 1.05 at tho wall. Thus this linear total temperature profile was assumed" In data reduction, The authors
comment that a Crocco-Van Driest correlation could have been used, 1ith little consequent material differ-

ences in the reduced dot&. The static pressure was assumed constant through the boundary layer, and given
the value obtained from the Pitot measurements at the boundary layer edge. This did not differ significantly

10 from the measured values of PW. No profile corrections were applie' and Sutherland's viscosity formula was
11 used.

12 The editors' have accepted all the assumptions of the authors, and adopted the authors' selection of a

13 D-state. The date form four se*l of n4ne successive pr'ofile observations at increasing unit Reynolds
14 number. For about 2/3 of the profiles, a Preston tube CF observation is provided. The raw and reduced

data are given in table I of section D.

D DATA: 7601 0101-0409. Pitot and TO profiles. NX a 9. CF from Preston tubes measured separately.

16 Editors' comments

The Reynolds number range of this experiment is both very wide and very high. The experimental coverage
is relatively complete, Although temperature profiles were not obtained for each and every Pitot profile,
a great deal of date was obtained. The reduced data are not very sensitive to small differences In the
temperature profile at th~s relatively modest Mach number and with a nee -adiabatic wall, so that the
linear variation used to describe the measurements Is probably adequate. ",no value of the date is greatly
increased by the inclusion of shear stress measuremnts and the large number of stroamtise stations.



7601-A-2/D-I

Sooe of the profiles are Qxtrmely long but even so masureents for about half the profiles do not extend
within the mamentum deficit peak.

The obvious comprison experiamnts are those of Moore A Herkness - CAT 6502 and 16mke - CAT 6903.

SECTION 0, ADDITIONAL DfAA NANW PRST0N TUBE READINS

OF - Preston tube diemettr - Inches
VP - Preston tube pNasure - psie

CF - As resced by authors.

CAT OP PP CF CAT OP PP CF
7601 In psle X10 3  7601 in psi& Xl3

0101 0,062 6.012 1.38 0201 0.062 10.67 1.27
0102 - NM - 0202 PH -

0103 0.062 6.76 1.21 0203 0.062 9.98 1.10
0104 0.126 7.4 1,31 0204 0.125 12.7 1.1B
0106 0.094 6.63 1,23 0105 0.094 11.5 1.13
0106 0.126 7.64 1.26 0206 0.0625 10.52 1.14
0107 0.062 6.19 1.21 0207 0.062 10.62 1.15
010 - - 0208 NM
0109 NM - 0205 0.062 10.58 1.07

0301 0.062 36.48 1.08 0401 ENN
0302 - 0402 NM
0303 0.062 31.65 0.92 0403 0.062 62.97 0.86
0304 0.125 42.5 1.00 0404 MN

0306 0.094 38.0 0.93 0405 MN -

0306 0.125 42.45 0.96 0406 NM4
0307 0.062 33.60 0.90 0407 - NM
0308 - NM - 0408 M -

0309 O.O 33.16 0.04 0409 0.062 56.76 0.76



7601-B-1

CAT 7601 VAS BnUNDARV CONDITIONS AND EVALUATED DATA. 31 UNTYS.

RUN fML) * TN/IR REO?2w CF M32 H12K Pw PD
X Pon* PW/PD* RLI)2o ca H32 H32K Tkv* TO

*RZ TOO. 3w h De PIA* H42l 02K UD 79

760toIol 2.4600  1.1245 9.l522~403 i.3800-J3 5.6M0 1.23741 1.1960"+401 1.1960*#4U1
5 .89001-01 ~4.1369N+45 1.0000 2.3tq5"0114 NM 1.8535 1.6390 2.8292"0+0 9.76970#01
INFINITE a.fO9'l'I+02 0.0000 6.4526"-0'4 O.0000O+QO -0.1713 9.90710-U4 5.O7lO04lQl 2.S160"40l

7601ul1i1 2:9200 t.Q17 l.?0~7',O9 Nm 1.5006 1.1518 1.2704",011 1.2704*,011
1.19i63 + a13b9"+OS 1.0000 3.144'50+041 NM 1.6487 1.6318 2.65830.02 1.00630#02
INFINITE 2.72224+02 0.0000 8.72980-011 0.0O0000#00 -D.16541 I.3106-03 5.872A"+02 2.5138"+02

*76010103 P.9000 1.123S 1.E1052"+04 1.2togo-.3 5,74421 1.11163 1,50941+u4u 1.3094'0+04
1 ..1986*#00 4.1369"+05 1.0000 3.11b77*+401 NM 1.6848S 1.6326 ?.8583s0+0 I.01so00aO

*INFINITE 2.72120+02 0.0000 9.51111-011 0.0000*+00 -0.2744' I.11111-iJS %.857900a i.S44d7N+02

*760101011 2.8800 1.1229 1.7315",004 1.3100'-u3 5.5513 1.2111 1.3497"+o41 1.J1497*4041
1.790"0e00 41.13690#05 1.0000 £I.?3764#011 NH 1.8496 1.6331 R.08530+02 1.02161#02
INFINITE 2.712W+02 0.0000 I.15I14*-03 0.000O04un -0.1191 I.736SP-U3 S04217"+02 2.54s16401

?641014% 2.8700 1.12a7 1.9562*+041 1.23OU"-03 S.7958 1.2i00 1.3703",114 1.37030+04
*F2.09591+00 41.3b9o+05 1.0000 u.76?c 4011 NM 1.0862 1.61444 i.I61)4+02 1.0262"402

INFINITE 2.?0121'*fl 0.0000 I.MV6-03 0.00000400 -0.31125 1.93081-ull 5.0510+02 20546101.,u

76010106 2.8600 1.1229 2.?504,~01 1 .2600*.03 5,I115 0.2111 1.31197".U0 1.31197*#01
2.40030+o0 41.3690+05 1.0000 S.419860114 N4 1.6412 1.01133 9.8675".02 1603dI3.0+0
INPIqiZI 2.7500"0t2 0.0000 1.%16110.03 0.o0o00000 -0.1096 2.20311-03 5,6715,402 2.711&',02

ToQilOl R.8700 t.12?7 2.37120+04 1.2I00*.01 S.3302 1.214S1 1.3703"#04 1.1703.0+04
2.692a40+0 's.13890+o5 1.0000 5.75114004 NM 1.6155S 168392 2.9253"+02 1.0531401
INFINITE 2.75699#e0 0.60000 1.6109"-03 0,00004#00 -0.1699 2.37960-03 ý.90blN+o2 2.60611"4u2

*7601010A 1.6100 1.121d4 2.8671*4041 NM 4.96q3 1.223b 1.5003,+04 1.5013"+041
2.99720000 4.13690+05 1.0000 b.A0S7"+011 NM 0.6181 1.61185 2.91100"*02 1.08654010
INFINITE 2.8000'+02 0WO0D 1.6549"~.03 060000"400 -0.1123 2.6759"-03S .8702"+02 2.6217"402

06I1J .q600 1.1245 1 .J722*0#04 1.2700*-03 S.11105 1.1971 1.99330+40 l.11933"#11

1.8000".91 6.09118'4V% 1.0000 3.7144S"04 NM 1.6474 1.6117 1.816340+0 9.69060401
ZNFZIAIE l?.?22l1t.0 0.0000 6.33921-04 0.00000#00 -0.0665 9.08V-l041 6.90i2we0l 2,5111*0029

76010101 1.94100 t.12411 1.6016"040 NIA S.7530 1.24199 2.0S113"*0~4 2.0413N+401
1.1936*000 b.59118"#05 1.0000 4.671000~40 NM $1.68 1.6356 9.53'0 2.9 +014
INFINITE 2.72122'02 0.0000 7#6i.44"'.04 U.O0000*+0 -0.:2361 1l0-U .6*4 2 ,5119"46w0a

760102U3 R.9100 1.1239 R2.?049q*+01 1.1000'-03 S.53311 1.2186 it.ue655"4U 2.06550#401
1.11 +b00 6.6940+.05 1.0000 S.50950+40d NM 1.6536 106366 iM.6163"4U2 l.0019"402
INFINITbiE 2.721l210.$ 0.0000 9.?2690-0'l 0.00000+00 -0.17911 1.3876N-03 S.86010+01 2.511330+02

760102u11 2.9200 1.11237 2.64l19*,Od 1.1$000-03 5.1333 1.2740 9.11M"#041 2.1111e004
1.74070000 6.69486.fl 1.0000 6.5718"+041 NM 1.61137 1.6203 2.667S*+02 1.u165".08
INFINITE 2.7$0O'*002 0.0000 1.1110*-03 0.0000"+00 -0.0990 1.67W7-03 ý.9097'+02 2.56970402

7601020% 2,6700 1.1227 3.23558,04 1.13000-03 S.2701 1.25011 2.1436"+04 2.21634*01C2.09550+00 6.89400#05 1.0000 7.68614#011 NM 1.8"m61 1.6917 2.A$583.4+2 I.9216*+02
WNIWIT Waaa1l+02 0.0000 1.27680-03 0.00000+00 -0.14111 1.8713'-03 5.83SIN4Ul 9.5461l'+02

760l1006 2.6600 t.12619 3.7760*01+41I.l140ON0~-3 5 1.9198 a.2494"+011 2.2491140*0
2.11003*#00 6.6948"fo5 1.0000 9.35051+01 NM 1.6564 1.6391 1.6833"+02 9.611940+1
INFINITE I.SS16'0*0 0.0000 1.3699"-03 0.0000"+40 -0.1471 2.0SIV0i-t3 t.6610'+02 2.3897w+02

160io107 2.6100 161222 41.06340#401 1.l501l"03 5.14176 1.2160 a.3543m+u11 A.I5930+04
2.6921"#00 6.8948"+Q% 1.0000 9e62I6*+0I4 NM 1.8632 1.64941 2.06)6"02 l.03724+02
INFINITE 2.7111',02 0.0000 1.5756'.-03 0.0000*+00 -0.1)70 .2.7454-03 S.064190+2 L.117040+0

76000104 2.4300 .11.1a 4.21Q9,0+0 NM 5.1069 .2132i 1.41270*404 a.42170'401
.41.90+0~0 6.6948*010 1.0000 9.9606',04 Nm 11660S 1.6953 3.iJ4501+02 1.11460+02

INFINITE 2.90000#02 0.0000 l.73164-03 0.0000*+00 -0.1)68 2.50361-03 S.9905*+02 2.7l930+02

760100109 4.6000 1.1212 41.7111t"+041 .0700".03 S.09111 1.2045 W.51106*+40 2.5406'0404
3.JIdlV',00 6.69146405 1.0000 1.11604+05 No 1.6465 1.81165 2.456340+0 1006UI0+0l
INFINITE 2.71228"*0 0.0000 1.74100-03 0.0000N+U0 -0.1667 M9113"-03 1.78010+02 a.5419140+0



7601-B-2

CAT 7601 VAS BOUIIDARY COND'1TIoN3 ANO EVALUAIELI DATA. 31 UNITS.

RUN MD * TV)/TR RE(02W CF * 112 H12K PM PD
1) Poo* PW/PD* RE02D Ca H132 H32K IN* TD
RZ T00* sw * 02 P12* H142 02K LID TN

*76001U3v 2.9600 t.124% 3.41410+04 1106000-U3 5.7107 1.234? 5,.9749'*004 5.97qq*#04
6 .99000-01 2.0bR4".04. 1. .6376~0+04 NH 1.0703 1.0573 2.05830+02 9.69oo'.oi
INFINTIl 2.7222'412 1~~ .9O00Y-04 D.OflOO*I)0 -0.224.7 7.19270-oJM 5.9022"+02 2.54W#02u

74.010302 3.0000) 1 i.1S .0921+0dl NM S.6931 1.23o3 5.6310*+04 5.6310',Uil
1.1936'0+0 2.084"S4tQ6 * 21136*05 tip 1.8540 140371 a.6563"#02 9.7222"tuI
I NF INI E P.7122"+09 0. 111V -'.ql9*-04I V100000+06 -0 . tb2&. 1.079S"-.03 6. 9 3 0 8T* 0 2 2.5402'+u2

70010303l 2.9200 1.1237 5.7613"+04 4.200n*.ufl S.57t9 1.2720 6.S%16*904 0.35180,u'
1.49866.00 2.06064006 1.00o0 1.43SIO*05 NH 1.9$47 1.8381 2.5%53'#02 1.U0063"02
INFINITE l.72220#02 0.0000 ?.WbS~O-4 9.0000*+oO *u.Ilbs 1.19440"-u3 %..8728"+02 2.54380#0a

*76010304 1.9300 1.1239 6.6i'111.04 1.0090"03- 5.5?41 L1490 0.2%bh*#04 b.,)566*+04
1.7907"400l 2.06.84406 1.6000 1.6577~*+0 rim 1.8730 1.8591 i!.85S3"#112 1.0014'402

*INFINITE P.71221*02 0.0000 q.?543"-04 O.0000',40f -0.22h.2 1.3019M-u 9.81803"4u2 2.5)33*+.02

76010305 R.q400 1.1241 6.9094*#04 9.3Oon*0.o 5.7sm'1 1.191h1 b.1629**04 6.16290+04
2.04'SI+00 2.0664'4+06 1.~0000 1.71330'*0 Npo 1.809 1.85511 2.8583"402 9.97b2**01
INPINVE~ P.M20#2*0 0.0000 qo7302~--o 0.0000"40n *0.2799 1.4GOo'-4 S.6616*+02 2.!1429"+0l2

760IU306 2.8700 1.1ag? 9*?577"#04 9.51)1I'.IJ0u 5.6001 1.21ba 6.851S**o4 b.0'j15's04
1,Il0010400 2.060Sl"+06 1.0000 2.2572"*01 NMA 1.652b 1.04406 1.850,5"402 1.02beftw
INF!INITI 2.7170?'i0 0.W00 1.21641-03 0.0000"W)~ -0.35to 1.6927"-u3 S.1l291',u 2.54090*02

70010197 2.8900 1.1231 6.7449"#04 9.00001-94 S526,~ 1.216Lg 6..0466*i04 6.6466NS,tV
*2.692i6'.00 2.00B4~*00 t.0000 0.1445"+01 NM 1.84.81 1.6540 2.8933N442 k.0319'IU2

INIFINITE Wg718t02 0.0000 1.19l4.1-03 0.0000"+90 -0.9358 1.0409u.03 5.08600'02 a.slusfuz

*7601030S 2,ASOO 1.12ai 1.1113',05 NM 5.5111 1.22110 26*404,n 7,06.24"#04
2.99720+00 2.06840+06 1.000t, 2.64.B04~05 lim 1.857h. 1.3032 al.87Q0"*u2 L.041S"+02
INFINITE 2.7313~*02 0.0000Q 1.44391-03 0.000C)til0 -0.2615 2.131SN-03%S1*0 2.55740+02

76010300 a.a100 1.1222 1,l875"tos 8.4006"~-V4 5.4027 1.2196 7.Q0626+04 1.0626",04
3.31474+00 2.0b84*+04 1.0000 2,0191",05 rim 1.8Ob5 1.15GS9 2.92250+l1 1.060,0+'02
INFINIVE 2.78130+02 0.0000 I.S790*-03 O.0000**00 -0.2242 2.11960-U3 ýP.88460+02 2.6n4?l+VP

7601061j1 2,9600 1.1245 1.4494"+.04 NM 1.3197 1.2112 Q.1273*+04 9.72734+04
i.S9Q00-01 3.30046*+O 1.0000 t.3767,00 NMA 1.0024 1.4.717 d.815831+02 9.89060+.0
INFINITE 2.722V+602 0.10000 4.608%0-04) 0.0000"WIJ -0.1111 b.804b"-N'1 S.9022**92 212~0

7601 401 2.9900 1.1250 6 ?4140404 NM 6.2722 1.3177 9.336M*#o4 9.3364**04
1.19,3S.00 3.3754,406 1.10000 1:594S0+05 NJM 1.0632 i.8)44 k.4983*+02 9.7640"+01

IFNT 7.WO 0.00 .6436*-0 .40+0-.36 554"-04 .27+22.5407"+Q?

76014401 2.9700 1.124% 7.0452*+04 0.600.0 S.7942 1.1930 9.7973"#04 9.727$'0M0
1.49660#00 3.37046.06 1.0000 3,M102S*01 NM 168590 14539a 0.8sal"*01 9.690620I0
INFINTIE 2.72?20*02 0.0000 6.911#0*.04 0.00060+06 -0.2343 1.0330J-0.3 S.9022"+02 2.5M11"4.01

76010404 2.9700 1.1246 9.4028+,04 wo00'o 9009S 1.2193 9.6210"+04 9.62134+04
1.7070#~00 3,3764*'006 1.11000 2.179S4'05 14M 1,6764. 1.0021 2.6903",02 9.8033P.0l
INFINITE Z.72122.02 0.0000 8.41700-04 0.00000+00 -0.23470 l.2100l-03 5.90949".03 2.515*+'Oz

76010404. 2,9%00 1.1,243 1.02191+01 9.30000-04 .0~734. 1.2%170 l.4159+04 9.0950+04
2.04OSS0+00 3.375440,0 1.0000 2.5791+5.0 1M 1.571b 1.8142 2.b183'902 9.433O4+01
INFINITE 2.?212*#02 0.0000 l.91298-03 0.00000+00 -0.3408 1.14?e0d-03 S.61949"+O 2.5420+0?2

740140b0 2.91000 1.1233 1.317*eoS N.$0M 00 1.6970 1.W09 l.U690*+01 1.0690o,01
1,40903+00 3.1764b606 1.0000 3.00210+05 lim 1.8700l 1,814.? a.ab18"+2 1.0110+0'2
INVFINITE Wll,2*402 0.0000 t.I11B*..@3 0.00001+u0 -0.21421 1.b744N-03 1,8014'.+Qp a.14647"+Q

76010800 891900 10M21 1.37371+01 NM .37608 1.2091 1.ullS*+Q1 l.011I,01
2.69all0+00 3.3647'06 1.60000 3,404l'0+0 NO 1,5003 1.8180 2.0836+0.2 1.03106*#0
INFINITE 1072224"+02 0.0000 1.113110o83 0.040010.0 -0.1%71 1.6641"-Q.3 5,8654"+92 2.541"t~02

76010409 1.4700 1.1246 I.1915"Oo01?.o0o00*.4 5.1901 1.203S 9.71941#04 9.7194,o44
3.114u4+00 3.4129@0+0 1.0000 4.041?017O N14 1.6775 10,702 a,61S3".ul 9011402IM41

*INFINITI 2.1298~0+4 0.0000 t,3966"-03 0.0000.*00 -0.1966 2.01570-03 5.4094"M,0 2.%4150+02



7601I.C-1

76020103 VAS PROFILE TABULATION 49 POINTS, DELTA AT POINT 49

I y PT2/P P/PD TWO,0) MiMD U/UD T/10 UI1O/RHDD*U/UD

1 0.000fl0+00 j.oooO)*f00 NM 1.01105 0.00000 0.00000 Z.82161 0.00000
*2 1.0160"-04 2.01.151+00 NM 1.01?221 0.16552 0.5bW. 2.23652 0.24430

3 3.556o"-04 2.8770"+00 NM 1.02718 0.464s2 0.66~146 2.01849 0.32762
4 6.09b0'-04 3.0144~*+0 NM 1.03154 0.47931 0.w770 1.99549 0.33931
5 8.6360"-04 3.4694"+00 NM 1.04004 0.52414 o.72396 1.00141 0,31941
6 1.11161-03 3.72'I4~*00 NM 1.03010 0.54483 0.719'Kb 1.8407I u.40136
7 1.74 10 .969r"+Qo (JM 1.02263 0.56532 0.75$21 1,78137 0.42J47
6 1.62S16-03 4.091woo0 NIM I.01'70 0.57506 0.76562 1.76765 0.41313
9 108796"-03 4.22181+fl0 NM 1.03114 0.58621 0.77604 2.7124 0.44l81
10 9.1336"-03 4.4a800+00 NM 1.01710 0.601,90 0.79107 1.70159 0,4652%
11 2.36760-03 9.6237*+flo NM 1.03301 u.61724 0.60208 L.68661 0.47500
12 2.64W6-43 *.7618*.O0 NM 1.03896 0.61719 0.81250 L.07610 0,48476
13 3.a1b6,.*3 4.9973-+00 NM 1.03M9 0.64493 0.822q2 1.b6264 0.510128

, 4 3.9116*-03 5.3875*0Oo NM I.03311 0,07242 0.54371 1,57454 0.53SB7
IS 4.5466"43 1.!89+440 NM I.0170 0.68621 0.84896 1.51060 0.11466
16 5.1816"-03 S.84730+00 NM 1.03M0 0.70345 4.56438 I,11060 0.57234
17 5.6266"-03 6,1654'+00 NM 1.0245S 0.72414 0.8750(1 1.46007 0.59929
14 6.4310-030 6.43770+00 NM 1.01347 0.74118 0.86501 1.42631 U.62077
19 7.04W6.03 6177300400 NM 1001613 0.71207 0.89563 1.38147 U.64828
10 7.?216*-03 7.0%970+00 14M 1001291 0.77931 0.90611 1.3%231 0.67011
21 8.35b6'-03 7.115W"A00 NM 1,.02076 0,79655 9.91667 1.32433 0.69108
21 8.14910-013 7.3319"+Oo NM 1.01967 0.60690 0.92187 1.30519 0.70626
13 9.6266'03 7.0969*+00 NM 1101826 0.82719 9.93224 1.46905 0.73464
Z124 1.0MV2-02 6.10W#,00 NM 1.02541 0.04138 0.94271 1.21S31 0.71094
as 1.08976-01 8.3340+00 NM 1.01411 081%172 0.94a71 1.?2206 0.769s2
26 1.15W-01 6.950%*+00 NM 1101665 0.87931 0.9$133 1.16742 0.80680
a? 1.2l~b7-01 4.0462'.00 NIM 1.01961 0.6896b 0.963114 1.17300 0.82141
26 I18021-09 9.31950#00 NM 1.01276 0.90341 0.968711 1.14979 0.84ass
19 1.3437'0-0 9.1l&9'A~'0 NM 1.01530 0.91724 0.97396 1.1?749 0.86383
30 1.4072'-02 9.86l4"*00 NM 1.01369 0.9310s U.97917 1.10601 0.88117
It 1.47071-02 1.007a"*01 NM 1.01539 0.94130 0.9A438 1.09343 0.90026

39 15342".02 i.0o496oi NM 1.000635 0.96207 0.98918 1.05802 0.93532
3 M7- 21.04480+01 NM 1.00863 0.91517 0.96918 1.07331 0.9359a

34 1.661?'-02 1.62M NM 1.01362 0.96897 0.99479 1.011402 0.9438t
IS 1.72471-02 l.0649'0s1 NM 1.00537 0.97931 0.94479 l.03167 0.96407

36 106620'-02 1.0933'0l0 NM 1.01330 0.98276 1.00000 1.01540 0.96561
37 I.BS1170'02 t1.080'"M NM 1.00764 0.96966 2.00000 1.02120 0.97942
38 1.91sa".0l 1.1014,#01 NM 1.00S20 0.99310 1.00000 1.01394 0.96621
19 1.9787'0-0 I.W226'01 NM 1.00216 0.996%% 2.00000 1.00643 0.99312
40 2,040"-02 l1*12,1401 NM 1,01106 0.99611 1.00521 1.01145 0.96797
41 2.1057'-02 1.122B*001 NM 1.00216 0.99615 1.00000 1.0019) 0.99312
41 l.16920-02 103020+01 NM 1.01044 1.000(10 1.001421 1.02044 0.99452
43 a.23271-02 1.1162"01 NM 1.002.00000 1.00000 1.0 0000 2ooo .00000
44 J.1961.09 t.1342"401 NM 1600000 1600000 1.00000 1.00000 1.00000
45 a.31971-02 .1302"f0l NO' 1.00000 1.00000 1.00000 1.00000 1.00000

*4b 1.4132"-02 1.1301-M0 NM L604060 1.00000 1.00000o 1.00000 2.900000
47 a.4667'*0l l.1302"f01 NM k.00000 1.00000 1.01000 1.00000o 1.00000

*45 1.5400*-02 1.1302"#Ol NM 1.00000 1.00000 1.00000 1.00000 1.00000
0 49 A.6162~02c 1.1302"01 NM 1.00000 1.00000 2.00000 1.00049 2.00000

INPUT VARIABLES VIM#U ASSUME PmPD



7601-C-2

76010203 VAS PROFILE TABULATION 73 POINTS, DELTA AT PUINT be

I V P72/P PIPO Tl/IoO N/MD U/UD) 7/TO RHO/RI100*U/UD

1 0.0000*+0C' t.00001+00 NM I.04200 0.100000 U.00000 2.83169g 0.009000
i 6.8900'-OS 1.56970#00 NM 1.03504 u.33?67 0.51903 2.32632 0.21139
3 S.1%62"-04 3.54620*00 NM 1.0211S O.S2307 0.71021 1.669?9 0.31211
4 9.'e234"-04 1.0509*0#0 NM 1.02133# 0.55611 0.74113 1.81119 0441476
5 1.3716".03 4.20560#O0 NM 1.03153 0.$787T 0.77262 1.77930 0.43369
6 1.7M63-01 4.47010#00 NM 1.02756 0.59932 0.74756 1.71686 0,45606
7 2.2276"-Ql WPM~~jo NM 1.02544 0.61301 U.79793 1.69428 0.0s
5 2.64616-03 a. :6d49000 NM 1.01846 0.6301(1 V.80619 k.64%37 0.4412S
9 1.0734"-Ol %.I147'0to NM !.02bib 0.44716 c.853461 .62001 0150651
10 IC .SOW-03 S.2l717000 NM 1.0t938 0.6117%3 U.81902 1.54960 0.51154
11 5.9170'-03 S.152?I4#00 NM 1.01446 0.67(166 0.03936 I.S4792 0.54224
I2 4.3686".03 S.77021#00 NM 1.02400 0.09178 0.8%(142 1.W277 0.55977

*13 4g68006-O3 S.86180+00 NM 1.0l'I35 0.69661 0.56010 I.51566 U.56747
1(1 5.2070".03 6 15"1*0#0 NM 1.0110 0.7217% 0.86SH2 1.46144 9.%Q106
15 5.61600-03 6.de229"M0 NM 1.0219b 0.73268 0.66043 1,44(151 9.60976
16l 6.0704"-03 6.0;898"#00 NM 1.0192S 004131S 0.66601 1.41149 0.62333
17 6.S090~-03 6.75910#00 NM 1.01607 0001142 Q.69119 1.39YI4 0,63b95
Is 6.9$42*-03 6.9864"#AO NM 1.02200 0.76712 0.90155 1.1b6110 .6527'
19 1.3660"-03 7.167.I'*00 fim 1.02015 0,777#0 0.9007( 1.36043 0.66b51
R0 7.7726".O3 7.Sqqamfoo NM 1,01438 0.79110 0.91191 1.35147 0.68616
21 *.20420-01 7.5147"0f0 NM 1.01769 0.79715 0.91710 2.15045 0,59427

81 .6360"-03 7.8,56704fl NM 1.01617 0.61#49 0.427441 1h2S399 0.72211
a) .06180-01 G.M00969'0 NM 1.00636 0.61534 0.9?7441 1.26277 0.73441

2(1 9.4996".03 A.19790#00 NM 1.00617 0.81S62 0.91264 1.12071 0.74865
25 9.9314*-03 8.3684"M0 NM 1.006?t 0.00859 0.91742 1.21418 0.16297
a6 1.0336"-04 6.3812*#00 NM 1.00647 0.GS616 0040301 1.2131% 0.77M3
27 1.07701-0? 8.6b?0040o NM 1.916i19 0.A6966 0.9q337 1.201a1 0.7q361
16 1.1201'-01 9.l738"f0o NM 1.01046 0.06699 0.9561' 1.16767 0.62077
29 1.1611".02 q.2d4091+00 NM 1.00711 0.690'h1 0.9165', L1.56qI 0.5271d
10 1.8O6PI-Ol 9.3063"4.00 NM 1.01460 U0.9384 0.96371 L,16291 0.82901
It1 .249?"-02 4.4419"400 NM 1.00632 0.90066 0.96373 1.144*9 0,8417b
IR l.9903"-01 4.716a+00 NM 1.o0bSI 12.91436 0.96691 L.M62.S U.66aga
$I 1.3335*-02 .929670011 NM 1.00609 0.42466 0.47409 1.10974 0.67773
314 1.3767'-02l .ft106"*01 NM l.00bBB 0.93a36 0.979?7 1,01'911 0.0991%
IS 1.199"-02 1.04022+01 NM 1.00563 0.044W Q.9A(4qu 1.07646 0.91411
16 1.4630"-02 l.0639*+0l NM 1.01994 0.9S890 U.96464 1.06SIS 0.91913
17 1.5062*-02 lofl6I7?0I0 NM 1.00967 0.46916 0.90964 1.04a67 0.94914
36 1.5404*-0l I.n93I"+0I NM 1011947 0.47260 0.99U492 1.0401 0.95088
39 I.S4001-02 1.10%1+01 NM 1.00511 0.q7945 0.994169 1.03160 U.96(125
40 I.S311-02 t.l151%*01 NMA 1.00247 0,96268 0.994S" 1.u044% 0.97106
at 1.0164"-02 I.I3nio*0I NM 1.00766 0,906973 1.00000 1.02007 U.979s6

12 .71964-091 .1301*040 NM 1.00766 0.06973 1,00000 1,000817 0.979'56
41 1.762A*-flP I.W306101 NM4 1.00%09 0.q9115 1.00000 1.01364 01.96615
44 l.50S40-021 .21442"+01 NM 1.00251 0.996sa 1,04000 1.il0660 0.99316

45 '"'64W"02 1.1021+01X hm 1.00AS3 0.996sV 1.00000 1.00.66 0.9931(o

1.8690*902 NM 1.00000 1.014000 1.0000D 1.100000 1.000011

544 1.932*"-02 I.l5R7"40*1 NM .UO 1.00000 1.000 100000 1.00000 1.000001

46 1.97110-02 l.1bR76#91 NM I.0nooo 1100 1.0 1)000 1.00000000oo 1.00000

49 2.01093".02 1.l127lt01 NM I.,OO')0 1.0000~ 1.011060 1,00m00 2.00000
so 2059-2 1.bo NM 3.0"000 1,00000 1.00000u 1.00000 1.000041

Sl .2527.0I.SRIfl NM 1.010000 1.00000 1.010000 1.0600ou .060000
W1 1.i431-0"- 1,l.13W0fl NM 1.00060 1.00000 I.u0000 1.11(1000 1.000011
6* ... 64'0 .15w79i1l NM 1.00000 1.00000o 1.000(104 1.0,00V0 1.06000
S3 il.523271-0l I.57 NMA 1.00000 1.00000 1.00000u 1.100000 1.00000u
64 *.66758102 1.I'.27*'l1 NM 1.0noo0 1.00000 1.100000 1.00000 i.00001)
16 e.619l40l 1157"l Nm 1.U00060 1,00000 1.00000 1.110000 1.00)000
56 2.357"-U?. 1 .5?21'0l NM 1.00000C 1.0)060l 1.00000 1.01)000 1.U00410
i7 9.4(0W-021 .1%17?*#0 mM 1.00000o 1.00000' 1.041000 l.00000 1.00060
S96 2.4l460-OP 1.15R7,0+8 NM 1.09000 1.00000 1.00040 1.100000 1.00000
09 1.S702*-01 I.IM.' o*0 Nm 1.00000 1.00000 1.00000 1l.liouay 1.0000u

70 9.59110p0 I.1si7f01 NM 1.00000 1.00000 1.00000k L.Oovoo 1.U00000

742 .6671S-02 l.l527"4flI NM 1.101000 1.000l'0 1.U000h'0 1.1010)U 1.00000)

66 2.9742*-09 l.15R7'901 mm 1.00v00 1.40000 1.410000 1.uov~o 1.00000)

139210"S0-02 I.I527?"+01 NM 1.00M0 1.90I1000 1.00060 1,0)0vo0 I.00001

INPUT VARIIABLE& VI4,U A5SUME PuPa



7601-C(-3

?6010303 VAS PROFTLE TABULATIoNt h? POI1NTS, UELIA Al POINT o7

I y PIP/P P/PD TO/TOD M/MO WOOT T/10 14HO/RHOi*UNLD

I U.0U*I .0000*41011oolu NM I.IJqbosl 0.000u 0 u *000n0l )0 2.I11I09 0.00000
,! 1.752b"'-04) 1.9112"400 NH 1.0IQ1)3 (.341589 0.528'i) 2..13358 0.2208B
3 b*oqbo".oo 1.?24I4"+001 lmM 1.02'467 0.5,11111 iJ.7150Z 1.84)89U 0.39794
4 1 .04191-03 4 .1S79"+AO DIm 1.027314 0.57534 0.76611.' 1.776116 0.43161
5 1.'4703"-US 4.4880"+Ou NM 1.02209 o.602~74 U.7B756 1.70131 U.'Ift1g
t, l.0)15::03 4:0.60 1"+f NM 10267n 0.b?671 0.680?') .663h1 0 48)592

7 ,349S 01 4 .97S +fl0 NM4 0.10%1) 0.64101)1 u alb6s ':11 0 S01198

10 S~'7"0 .5694".1)0 NM 1.0?9Sa 0.66151 0.801474 55061 0.54658
II '.0894*~-03 5.8473"+00 NM l.01ba%9 Q,.6q663 O.Rholo 1.515b8 o.56747

qi'.bala*-0l 11.0'ýAs"+1lo NM 1.W119 Q.7123s 0.861526S 1.475"6 O.'380'l

13 0.95so"-Os h,0260",00 NM 1.01591) 0.729Lh5 U0.7565 I.4moIIu V.60766
Ill ý.38146"-0 6.5464Jw400 NM 1.0?006 0.74315 0.8060'1 1.'4214e 0.01133
15 5.516b"-03 6.7730"+00 IlM 1.011498 o.115685 0.896.57 1.410R68 1.619011
I.. 6.Z7340-03 7.O597*+fl0 14H 1.01191 0.17S73 U.9,1)14' 1.50566 01.616445
17 o.7n~i1"-03 7.2197.+(0O Nm 1.01910b 0.787117 0.9IQ9L, 1.3140311 0.6635
to 7.13?14-01 7.5319"+Ou NM 1.01'429 O.W037 0.91710 1.30901b V.fOQ25
19 1.Sbqa*.01 7.615l'3*fl0 NM 1.01IS2 0.600?2 0.92M1I1 .10217 0.70S?6
20 d.0flI0*-Ql 7.aq4~9,.0o NM I.ollOO u.62192 0.91746 1.17331 g.71639
it 8.4128"-.035 .1455"flo NIA 1.0067? 0.83562~ 0.93264 1I.241571 0,708118
iZ 8.l111'Ib-03 O.S905"+00 NIM I.l11b~ 0.85959 0.94b10 1.21676 Q.77921
13 '0.aqbq'"-o1 4.01105100 NH I.0130 0.671?.9 b.95337 1.19101 0.79993
114 9.7R20a-03 9.0482"40Q NM 1.01423 0.58356 0.9559S 1.176911 u.814441
is 1.0I5%"-02 9.16R91000 11dM 1.0n866 0.90068 0.96373 1.101)89 0.84176
Ob 1.011i7".02 Q.65540+~00 NM 1.00116? 0.911418 0.968111 1.12dea0 0.861292
27 1.I1649"-02 4.79311+00 Nm 1.0l1040 0.4?113 0.974109 1.11005 .0.71114
28 1.I1418"-021 .0002's'01 NMA 1.01303 0.911st 0.97921 1.10519 0.86607
29 I19l13".02 1.O2134+01 NM 1.001161 u.941I78 0.97927 1.08121 0.90571
30 N.1'1144-0? t.0355"+QI NM 1.00900 0.908113 0.980'dI, 1.076196 0.914111
It1 .070b-021 .1)'98"fi1 NH 1.0033? Q.955)1 0.96144h 1.061157 u.927311
32 1.3?01408-2 1.07140+01 NM 1.00551 0.96155 U.989614 1.05007 0.911245
33 1.36615".02 1.0913301 NM 1.00746 0.976103 0.99452 1.03656 0.95759
30 I.'4097*-02 1.1ufl0*.01 NMJ 1.D02,52 0.911188 U.99404D 1.02110b 0.97108
IS 1.4)549"-02 1.1I5'4,01 NM 0.999)10 0.986193 u.99482 1.0173S 0.97786
A6 1.4461"I-0? 1.11540+01 NM 0.99990 0.98630 0.991181 1.111735 V.978166
17 1.134"0 .228.0#0 N14 1.o071 0,148971 1.014000 1.01007 0.979511
38 1.56210"02 I.130a401 NM 1.00S11 0.99315 1.00000 1.Q13sk 0.981135
39 I.0251-OJ? I.l30z*+PI NM 1.00512 0.9931% 1.04000 1.01364 9.90611
610 1.6.688".0a l10302"40 NM 1.0051a 0.99315 1.Q1)000 1.013611 0.986135
01 1.7190"-02 l.I302,1*tI NN 0.99473 V.943111 0.99442 i.00)Sb 0.99149
maI M.777-o? l.l102m40 NM I.00)Joo 1.00000 1.00060 1.100000 1.00000
4s. I.8019"-02 1.143,30+0I NM 1.04100 1.00000 1.00000 1.00000 k.00000
44i I.6441-02 1.I11!11+0 Nm 1.00000 1.06000 1.00000 1,10001)4 1.00000
ils 1.067a"-02 1.1412"01I NM 1.00000 1.00000 1.00000 1.10000u 1.00000
4ib 1.9304"-02 ~05'0 NM 1.00000 1.000D0 1.010000 1.011001, 1.00000
417 1.9730-020 l.t4S2"lI'l NM 1.u0000 1.u0000 1.00000 1.110000 1.v0000
118 2.01168"02 l.l14'Na"0l NM 1.00000 1,01)000 1.00000 1.00000 1.0000V
119 2.05994-01 1.IdS28+01 NM 1.U0000 1.00000 1.00000 1.00001, 1.00000
50 d.1057".02 l.1442"1w0 NM 1.4n000 1.Q0000 1.0000(i 1.00000 1.00000
51 2.14684-02 I104420+01 NM 1.000n0 1,00000 1.00000 1.004100 1.00000
s1 9.36417*-0& 1.114512041 NM 1.0000Q li,00000 1.040000 1.00060 1.00000
93 d.'079'0-0 1.111520+0 NM 1.001000 1.00000 1.01101i0 1.)0000u i.00001)
511 2.l 1 361N.02 t1oo4i.ol NM 1.00000 1.00000 1.00000 1100000 1.00000
is 9.I.9668-02 1.14951tol NM 1.00001 1,00000 1.00000 1.00001, 1.00000
461 9,5Jd00".0l IIM5I"+Ol NM 1.00000 1,00000 1.010000 1.001000 1.00000
57 d.S9080-02 1.11152*+l NM 1.00000 1.000o0 1.00000 1.00000u 1.00000
so a.275M'"0Il~l1llI N 1.1400000 N1.001)01 1.00000 1.00000 j.uO .00000
%9 2.3211"-0l I.1ldWl~ol NM 1.00000 1.00000 1.900010 1.001000 1.00000
110 i.19an".02 1.14t12"+1 NM 1.00000 1.01000 i.o,301 1.00000 1.00001)
111 2.25510-021414I524+0I NM 1.00000 1.00000 4,00000 1.110444 1.00000
6?~ a.6111.021 .14121+01 Nw 1.00001) 1,00000 1.00060 1.00U001 1.00000
4,1 a.6160".0.1 1 .11 '

1 2 N
4 0 1  

NM 1.00000 1.00000 1.0001)0 1.00U00 1.00000
111 l.71161-0I 1.1440+01 141 1.00000 1.00000 1.00060 1.00040 i.00000o
41% 9.711011*.0 1,14424+0I NM 1.00000 1.011000 1.00000 1.00000 1.00900
661 a.79l40"-02 1.I146142*0 Nw 1,00000 1.000fi0 1.0'0000 1,060000 1.0.000u

0 11? i2.aQW16-04l t.102"+01. NM 1.00000 1.00000 1.00000 1.00000 1,00060

INPUT VARIASI.S Y,M,U 4SOUME Papa0



7601-C-4

76010403 VA5 PRIOFILE TASULAIION 73 POINTS, DELTA AT POINT 73

I P12/P P/PD TO/ToO M/MD UMID 1/11 RHIIORHODAU/UD

1 0.0000*0O0 I.000O**00 Nm 1.014613 0.08000 0.00000 a,879427 0.00000
2 5.63W2-04I 2.3786"400 NM 1.0313S 0.'40203 o.54794) 2.21204 0.27031
3 (j.3246-0J4 S.56bb7's0 NM 1.03059 0.52027 o.72161 i.142395 0.371014
4 0110-)7Q-04 '4.3106'-00 NM 1.023191 0.5m108 0.773?0 I.770's4 0.'4100
5 i.I7014"-03 M.5330,400 NM 1.02500 0.597q7 0.70686 1.734917 0.'453394
b 1.4176*-03 Ia.7e16'.80 Nkk 1.01990 U.bl4m6 0.79897 I.6860% 0.147315
7 1.7069*-03 '4.9023"+00 NIA 1.02614 0.62s00 0.009a6 1.67062 0.442686
a 1.9?bi.-Ol i.fl93d4t00 N-4 1.01629 0.63651 0.619459 1.h4760 0.49744
9 2.24W4-03 5.33610+00 NM 1.02104 0.655441 U.62990 1.60311t 0.51760

10 2.512i*.Os 3.4376*+00 NM 1.u1179 0.66216 0.03105 1.S9037 U.511107
11 8.76110-01 5.16941*400 NM 1.0294S1 0.67230 0.64s16 1.S6111 0.53466
12 3.0450'-03 1.7433'+00 NM 1.42490 0.o68?43 0.650112 l.1'iift 0.547s?
13 3.327'.03 1.911230+00 N14 1.01539 Oo~ 0.6951 .S67 1.11161 0,566014
14 5.5S140-03 6.1117~**0 NM IM0P39 0.70606 0.60596 1.%0')2o 0.S7171
II 3.0608".0% 6.3261+o.0 NM 1.001S62 0.M959 0.8711S 1.4651 0,591441
16 II.11481-01 6.49A9mVUQ Nm 1.02477 0.71971 0.801441 .145903 U.60'l13
17 9.3442"-03 6.7I65*+00 NM 1.00746 0.04314 0.66660 1,42,244. U.6a307
to 4.64810-03 6.9461,00o NM 0.012as 005066 0.96961 1.4014yu U.4311111
19 4.9276if-Oll 7.1762,fl0 NM 1.01636 0.7702? 0.90106 1.37141 Y.65773
ac 5.20704-OS 7.2937'*tf0 NM 1.01919 0.77701 0.400711 .36317 0.*61#ul
21 S.4610"-03 7.5319ut00 NM 1.01391 0.790114 Q.91237 1.33117 0.604,04
al 5.7404"-Oll 7.19?0ofl0 NM 1.09126 0.79021 0.91753 1.35101b Y.61696
13 51.9944"-Dl 7.713l0+00 NM 1.01310 0,60066 Q.9i711 1.31310 u.69871
24 6.2736~"0S 7.64169'+00 N1M 1.01253 0.61061 0.91168 1.19496 0.71allo
all 6.%2784-03 S.02070+00 NM 1.01b04 0.61717 0.9?764 1.287446 0.71040
26 6.507P"-01 6.20531'*00 NM 16019114 0.61770 0493299 1.27GS9 0.73140
91 7.0S660-03 8.3469"+00 NM 1.01566 0,83764 0.93614 1.a137? 0.74061
is Y.A406".03 s.IIaI'+00 NM 1.V0066 U464459 0.91614 1.23379 0.76037
P9 7.6800"-03 6.7100'+00 NM 1.00905 0.551471 0.914330 1.21170 0.77446
10 1.8740"-03 8.76511+00 PIM 1.016119 9.111111 0.9148451 1.22165 Q.77617
51 8.1s3o"-01 865l050+00 NM 1.01311 0.66149 0.94645 I.21109 0.7649
12 6.4074".03 9.1613*+00 NM 1.00720 0.67636 0.91161 1.17866 0.00906
3s 6.6S06'-ol 4.31iss"+14 liO 1.011113 0.66!14 0.91576 1.17)16 V.61716
14 0.94661."-U 9.31111100 Nm 1.911S3 u.66114 0.9%876 1.17316 0.81116
IS 9.2202*-03 14.56691*00 NM 16009511 0.69066 0.96M9 1.14014 0.63760
36 9.14946"-03 1.01669"000 N" 1.009165 0,69a66 U.963021 I.l101.4 0.01780
37 9.7136'-01 q.79311"00 NM 1.01103 0.90876 0.96907 1.137(id U.61111
so 1.0033"-041 9.66za,#00 NM 1.00796 0.91216 0.96907 1.11067 U.6851159
39 I.02W070l1.01(I NM 1.01166 0.9189.Z 0.947421 1.1aa0u Q.66671
.40 1.0SW6-01 loo023"~Ol NdM 1.011441 0.9240% 0.97936 1.11110 0.61311
NJ 1 .041606-94 I.03%5"+Q1 NM 1.008664 0,93151 0.9791% 1.19%1#4 0.44418
421 .1100".02 1.4446'#01 NO 2.05095 0.94117 0.97930 1.1179614 0.'40714
43 1.11790-04 1.0649,01' NM 1.00741 0.94931 0.96454 1.0711. 0.90117
44 1.1633"-02 I.0714',ll1 NM 1.00111 0.912,70 0.964514 0.06794 0.911ev
45 1.1911-*02 1.4161sq'*0 NM 1.V1010 0,911906 0.94969 1,1161101 0.9101%
46 1.2167'-02 1.10060+01 mM 1.00411 0.146212 0.96969 1,044410 0.94310
47 1.2446*-01 l.10400#01 NM 1.00216 0.*69%9 0.99690 1.114196 0.94199t
'46 1.27W5-02 1.11114'000 NM 0.08997 0.14717 U.149146S 1.004W 0.9S116

69 .29790.01 i.l226oool tiM 1.00731 0.9763% U.44461 1.031ORN 0.91610
s0 1.$1519-01 l.139ilm')1 NM 1.000%1 0,417973 0.1414146 1,1131014 0.91.404
St1 .1513"-of t.l14S2*+O NM 00996*4 0,96649 0.149148 1.1)1708 0.97410
51 1.37912*0l l,14112*#01 NM 0.99964 0.9864q 0.449485 1.011AR D.97620

13 1.4046*-02 1.151?7o0#0 N14 1000748 0969896 1.000004 1.14"1.1 0.97963
Ill 1.4346'0-0 1.160300041 NM 1.00406 0.99124 1.000044 1.81361 0.96611
SS 1.4605*-Oi1I.16031*0I NM 1600"41 0.99316 1100000 1.01161) 0.96413
lb 1.4659".02 I,1603'.(I1 NM 1.004446 0.99314 2.00000 1.114)l61 U.94663
17 L.Sl136-Oa I.1603'tfol NM 14004%6 0.99)44 i o0looo 1.1411389 0.

9
860'i

%a 1.53924-01 1.116030M8 NM 1.0496 0.99324 1.014000 1.441361 0.94661
114 1.5020-02 ,660 NM 1.00247 0.99662 1.0(114400 1.44067 0.99312
eG l.9l00 1.17s4offli NM 1.00000 1.00080O 1.081)00 0.n0600 1.00000

61 .6205*-01 1.l7$4~*01 Nm 1.00000 1.00000 1.0(0000 1.00vo0 1.00000
:21 I.b4aso-oa 1,71144,01 NM 1.00000 1.0n000 1.04000 1.110000 1.00000
63 1.6.759"-02 I.17111"#0I NM 1.1)0000 1.01)000 1.00)000 1.40000u 1.00000
64 i.7016*-ol 1417%1+'01 NM 0.00000 0.0004)0 1.Oft000 1,41000 0.00000
651 .717a".01, i.17%0*#01 NM 1.00000 1.000ou 1.00000 1.111180 1.0109000
bb 1.7111 p.02 1.l7S46#01 NM 1.00900 1.00000 1.448000o l,lIOuGO 1.1.0040
61 1.76314-0a 1.17114mfo1 NM 1.00000 1.00000 I.0800 I.4'two0 l."1000
be 1.80816-02 1.1714"('l NM 1,00004 1.00000 1.0000( 1 ,)OU44i l.UOOOO
61 lI.B5640-01 I.1734"041 NM 1440M0 1.00000 0.08(400 A.001400 1.00000
70 149050".92 i.1734'+fl NM 1.00000 1.00000 1.00000 1,00ouo 1.00000
71 9.0320*-*R 1,l7944~+1l NM 0.00000 1.000010 1.0100 ,10000 0~olo .00000
71 i.l1SW0'. l,17194"M NM 1.0n000 1.o0000 1.00000 0.00M0 1.080000

0 1) i.a6wil'"01 1.l754"4n0 Nm 1,00000 1.00000 1.0000') 1.000411k 1.0000u

INPUT VAR14A0LLSI VUgI) ASUME P.OD



* 7601-C-5

*76010409 VA.¶ PHOF16E TABULATION 342 P0034T, DELTA AT POINT 3'4

I y PT2?/P P/pC) To/tOO M/MD U/ufl 1/TO RHO/RHOD*U/UD

1 0.0000"+00 1.oo0"oo~t NM 1.04164 0.00000 0.00000 2.8792? 0.0ool0
2 1.0160"-04 2.0165"#00 Nm 1.029i6 u.35473 0.514124 2.32798 0.23249
3 1.3716"-03 4.6514"+00 NM 1.02555 0.60473 0.79361 1.72312 0.06068
4 2.bdilb-(J1 5,07SO".C)0 Nm 2.0281 0.63524 (J.81443 :.6'4429 0.49531

5 1.9116"-03 5.6231"+00 Nu 1.01560 0.67230 0.84021 1.561480 .Q51794
6 5.1816"-03 6.0L4pi.+o0 Nm 2.0221o (...3993a 0.86W8 1.5252t 0.56122
7 u.4516b-03 6.1125*tOO NM 1.019113 0.72622 0.87113 1.47939 0.511811
a 7.7216"-03 6.7585"tfl NM 1.01647 0.743214 0.88660 1.42z96 0.62307
9 6.99164-03 7.1040"efl0 NM 1.021432 0.76351 0.9020b 1.39ses 0.64624
to2 1.02611-02 7.2S03"t00 NM 1.02976 0.77361 U.90722 2.375t0 0.65975
22 1.15320-02 7.6400"+00 NM 1.010149 0.79392 0.91753 1.33112 0.68696
1a 1.2801*-02 6.00914+4l0 NM 1.00796 0.0'419 0.92265 1.28426 0.71045
13 1.4072".02 4.26nq4*00 NM 1.01522 0.02770 0.9349q t.27059 0.73430
24 1.53148'02 6.5505't+l0 NM 1.01917 0.641459 0.94330 1.24739 0.15622
Is 1.66120-02 8.9070"+00 NM 1.01263 0.06149 0.94845 1.21209 u.76249
16 lb .7081"-0Z 9.P14l21tfl NM 1.00618 0.07638 0.95361 1.1766) 0.00908
27 2,12-2 9.S213"toQ NM 1.00473 0.89189 0.95176 2.1iss? 0.02968
to 9.0o290-92 9.89610+00 NM 1.01072 0.90878 0.96907 1,03746 0.05225
19 a.1692'.02 1.0137'0+0 NM 1.00042 0.92230 0.97423 1.11578 0.07314
l0 J.9.9690-02 1.04?1*+02 NM 1.00642 0.93581 0.q7930 1.09529 0.591418
At t!.4232"'02 1.07W+014 NM 1.00771 0.9493a 0.98454 2.07556 0.91%37
14 J.54000-01 1.10W+'01 NM 1.001410 0.906bl 0.99099 2.04928 v.94330
23 a.fA~lo-0I I.1300~0+0 NM 2.0072? 0491635 0.991485 2.0312.4 0.95420

I24 il.;9040-02 1.10516+0I NM I.COM1 0.98111 00991485 1.02402 0.97212
25 9.9210'-02 2.1601.+02 NM 0.94709 0.9'086 0.991465 1.02009 0.901491
lb 10.0dl60M.02 10161B8.th2 NM 1,001494 0.99314 1.00000 2.0236S 0.900113
27 1.t75Q*-02 1.io781#0i NO 1.001494 0.99324 2.00000 1.01.16% U.98653
all 5.3020'402 1.2032N+01 NM 1.00000 1.00000 1.00000 1.00040 2.900000
R9 1.442901-01 1.t6321"02 NM 1.00000 2.00000 2.00000 1.00000 2.40000

130 S.S160*-Ql t1.8314M0 NM t.00000 1.00000 2.00000 2.00000 2.00000
31 3.6S30*-00 1.1831~0+0 NM '1000 .00000 2.00000 1.00000 2.000003a 3.60201-02 1.2832'*02 NM 1.00000 2.00000 2.00000 1.fl0000 1.00000
33 3.9370'-Ql 1.163I.*01 NM 2.00000 2.00000 1.00000 1,00000 1.00000

D 34 dI.0640.02 1.1831"#01 NM 1,00000 1.00000 2.00000 2.00000 2.400000

INPUT VARIASLES Y1,MU ASSUME PapO)
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